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PROTECTING GROUPS FOR CARBOHYDRATE SYNTHESIS 

This invention relates to methods of synthesis of 
glycoconjugates, and in particular to orthogonally 
protected carbohydrate building blocks. The invention 
provides collections of orthogonally protected 
monosaccharides as universal building blocks for the 
synthesis of glycoconjugates of non- carbohydrate molecules, 
neo-glycoconjugates and oligosaccharides. This orthogonal 
protection strategy allows for the specific deprotection of 
any substituent on the saccharide ring, and greatly 
facilitates targeted or library- focused carbohydrate 
related syntheses. 



15 BACKGROUND OF THE INVENTION 

Oligosaccharides are important components of a 
variety of different types of biological molecules, and are 
involved in antigenic recognition and cell-cell 
interactions. In many cases, bio-molecules require 
20 conjugation with a carbohydrate component in order to be 
fully functional. In order to enable investigation of the 
biological function, and to exploit the exquisite 
biochemical and antigenic specificity of oligosaccharides, 
it is essential to have access to highly defined, specific 
25 synthetic oligosaccharides. Therefore achieving efficient, 
cost-effective synthesis of oligosaccharides and 
glycoconjugates by either solution or solid phase methods 
is of the utmost importance. 

This task is enormously complicated by the 
30 complexity of oligosaccharides. Because of the number of 
sites which can carry substituents , and the number of 
possible ways in which two saccharide molecules can be 
linked, the number of permutations is enormously high. 

In naturally-occurring oligosaccharides D- 
3 5 glucose, D-galactose L-fucose, D-mannose, D-glucosamine and 
D-galactosamine are among the most common sugar residues . 
To construct oligosaccharides and carbohydrate conjugates 
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using these sugars, current methodologies require long 
protracted syntheses, involving synthesis of as many as one 
hundred different specially-protected sugar donors in order 
to cover adequately all the possible permutations of 
glycosidic link formation (eg. 1-3, 1-4), link type (eg 
aor 0) and to include all possible branching points in the 
oligosaccharide . 

Orthogonal protection of bi- functional molecules 
has been a widely used- technique in organic chemistry, 
which provided general building blocks for selected 
syntheses. However, orthogonal protection in the case of 
molecules with a greater degree of f unctionalisation is 
quxte rare. Our technology involves penta-f unctional 
monosaccharide building blocks, which require a much higher 
level of chemical specificity to attain the appropriate 
orthogonality . 

Orthogonal protection has been defined by 
Merrifield as follows: 

"The principle of orthogonal stability requires that 
only those protecting functions should be used that 
can be cleaved under different reaction conditions 
without affecting the other functions present" 
(Merrifield, 1977) 
Although the use of orthogonal protection would greatly 
facilitate carbohydrate related synthesis, there has been 
limited success in devising suitable protecting groups and 
methods . 

Wong et ai . synthesised a universal building 
block with chloroacetyl, p-methoxybenzyl , levulinyl and 
tert-butyldiphenylsilyl protecting groups, selectively 
removable with sodium bicarbonate, trif luoroacetic acid, 
hydrazine and hydrogen f luoride-pyridine respectively, on a 
galactopyranose ring with an aryl-thio leaving group at the 
glycosidic position. This building block was used solely to 
synthesise a 6-hexanate glycoside. The subsequent 
recombinant oligosaccharide library formation focused on 
using the 6-hexanate derivatised building block which 
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exhibits only four degrees of orthogonality (Wong et a J , 
1998) . 

Similarly Kunz and coworkers synthesised an 
orthogonally protected D-glucopyranose derivative, but 
5 synthetic manipulations were only performed on the aglycon. 
These authors describe orthogonal protection of hydroxyl 
groups on a monosaccharide linked at CI via a thioglycoside 
group to a solid support or to a succinimide moiety. In 
this case the protecting groups are acetyl or methyl at C2 , 

10 allyl at C3 , ethoxyethyl at C4, and tert-butyldiphenylsilyl 
at C6. The thioglycoside anchor f unctionalized in the 
side-chain is stated to be crucial. Again there is no 
suggestion that this protection system can be used for 
substituted sugars. Kunz's orthogonally-protected building 

15 block was not used for glycosylation or construction of 
glycoconjugates or neo-glycoconjugates , by directly 
attaching f unctionalitites to the pyranose ring (Wunberg et 
al - 1998) . 

In our earlier International Patent Applications 
20 No. PCT/AU97/00544, No. PCT/AU98/00131 and 

No. PCT/AU98/00808 , we described protecting and linking 
groups which enabled oligosaccharides and 

aminooligosaccharides to be synthesised using solid phase 
methods of the type which for many years have been used in 
25 peptide synthesis. In addition the protecting groups, 

described therein were useful for solution-phase synthesis. 
The entire disclosures of these specifications are 
incorporated herein by this reference. 

We have now devised new types of building blocks 
3 0 which greatly facilitate the synthesis of oligosaccharides 
and glycoconjugates, using orthogonally-protected 
saccharide building blocks with five degrees of 
othogonality . These building blocks contain a leaving group 
or latent leaving group at the glycosidic position, and 
3 5 another four orthogonally-protected functional groups 
around the carbohydrate ring . 
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Using our approach with six universal building 
blocks based on six of the most common naturally occurring 
sugars, any one of the one hundred sugars referred to above 
may be quickly synthesised in a facile manner, using 
simple, well-known protecting group chemistry. The years of 
work and complex protection strategies required to produce 
these one hundred building blocks by previously-available 
methods can be avoided by use of our six universal building 
blocks, which do not require a high level of skill to use 
and enable one to achieve' the synthesis of a specific 
desxred oligosaccharide or glycoconjugate much faster and 
more efficiently than previously possible. 

SUMMARY OF THE INVENTION 

In its most general aspect the invention provides 
a universal monosaccharide building block of General 
Formula I or General Formula II 

CX XB 



i n 

in which 

A is a leaving group, including but not limited 
to groups such as - S R; where R is alkyl, substituted alkyl, 
alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, 
cycloalkyl, substituted cycloalkyl, aryl , substituted aryl, 
halogen; trichloroacet imidoyl- ; sulphoxide; -0-alkenyl; 

X is hydrogen, O, N or N 3 ; 

*i is hydrogen, -CH 2 0-, -CH 2 NH-, -CH 3 , -CH 2 N 3 or 
-COO- ; and 

B, C, D and E are any protecting groups which can 
be cleaved orthogonally. 





WO 00/42057 

- 5 - 

It will be appreciated that as a consequence of 
. stoichiometry and valence bond theory B, C, D and E are 
absent when X is hydrogen or N, and E is absent when X, is 

hydrogen, CH 3 or N 3 . 
5 The following non-limiting sets have been 

designated as orthogonal to each other on the basis of 
their cleavage conditions. A protecting group is 
classified in a particular set according to its lability to 
• the cleavage conditions for' a particular set and its 
10 stability to the cleavage conditions required for the 

removal of those groups in the remaining sets. Each set is 
to be taken to include, but is not be limited, by the 

members thereof . 

Of the sets defined, set 1, the 'Base Solvolysxs' 

15 set, is of particular importance, because in addition to 

the fact that the members of this set are considered to be 
orthogonal to the members of the remaining sets, some 
members of this set are also considered to be orthogonal to 
each other. Where this is the case, the alternative 

20 condition of cleavage that provides orthogonality is 
specified in brackets following the listing of the 
protecting group. 

1 . Base Solvolysis 
25 a) for hydroxy protection: 

acyl-type protecting groups, eg. chloroacetate 
(also thiourea-sensitive) 
bromoacetate (also pyridine-sensit ive) 
carbonates, eg. Alloc (Pd°) 
Fmoc (P~ elimination) 
Troc 

p-nitrophenylsulphonylethyloxy carbonyl) 
levanoyl (also hydrazine sensitive) 



30 
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b) for amino protection: 

Dde, wow (primary amine-sensitive ) 
tetraphthaloyl 
dichlorophthaloyl 

2,5-dimethyl-pyrroyi (primary amine-sensitive) 
benzyl oxycarbonyl 
pentenyl " 

2 - Fluoride lon-Sensit-i^ 
for hydroxy protection: 

t-butyldiphenylsilyl 
triisopropylsilyl 
trimethylsilylethyl 
triphenylsilylethyl 
(all cleavable with HF/Pyridine) 

3 • Reductio n-Senai^iv^ 

trif luoromethyl 
trichloromethyloxymethyl 
trichloromethyloxycarbonate 
(all cleavable with zinc/acetic acid) 

4 ' ^^atign-sensi tive, Base-Labile P™,„ ctinq Groups 

ethoxyethyl 
cyanoethyl 

NSC (P-nitrobenzyl-sulphonylethyloxycarbonyll 
p-nitrobenzyl-sulphonylethyl 



5 . 



35 



g^ggenolysis-Sensitiv. Protecting n ™„ r o 

naphthylmethyl 
substituted naphthylmethyl 
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6 . Oxidation-Sensitive Protecting Groups : 

p-methoxybenzyl 
3 , 4-dimethoxybenzyl 
2,4, 6-trimethoxybenzyl 
3 , 4-methylenedioxybenzyl 
a cy 1 ami dob en zy 1 
azidobenzyl 

p-azido-m-chlorobenzyl 



10 

7 . Allylic Protecting Groups 

Cleavable with Pd° complexes 

15 8. Photolabile Protecting Groups : 

o-nitrobenzyloxycarbonate 
o-nitrobenzyl 
dinitrobenzyl 
2 0 2-oxo-l, 2-diphenylethyl 

9 . Protecting Groups Removable by Rela v Deorotection 

methyl thioethyl 
25 acyloxybenzyl 

benzylthioethyl . 

In one preferred embodiment, the invention 
provides a compound of General Formula III 

30 

A 




XCi 



III 
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in which 

A, x and Xl are as defined for General Formulae I 
and II, and 

Bi, C lf D, and E, are orthogonal carbohydrate 
protecting groups (ie . an orthogonal set) selected from 
protecting group sets 1, 2, 6 and 8. 

Another preferred embodiment provides a compound 
of General Formula IV 



10 



20 



25 




XB 2 



in which 

A ' X and Xl are as defined for General Formulae I 
15 and II, and 

B 2 , C 2 , d 2 andE 2 are selected from the members of 
protecting group set 1, and in themselves constitute an 
orthogonal set, for example the carbohydrate-protecting 
groups levanoyl (ammonia-labile), chloroacetate (thiourea- 
labile), P-methoxybenzyloxycarbonyl (oxidation-labile) and 
2-trimethylsilylethylcarbonate (fluoride ion-labile) . 

This embodiment provides universal building 
blocks wxth protecting groups selected from the protecting 
groups of set 1. 



In a third preferred embodiment the invention 
provides a compound of General Formula V 



D 3 X' ^ "XB 3 
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in which * 

A. X and Xl are as defined for General Formula I 

and II, and 

B„ C 3 , D, and E 3 are an orthogonal set of 
protecting groups selected from amongst the members of set 
1 and from the remaining orthogonal sets. 

This embodiment provides orthogonally protected 
building blocks, the protecting group constituents of which 
may be selected from within set 1 and from the renaming 

It will be clearly understood that the invention 
is not limited to use with monosaccharides ,. but is also 
applicable to any compound in which substituents are Ixnked 
to a pyranose or furanose ring, such as sugar analogues 

For the purposes of this specification it will be 
clearly understood that the word -comprising" means 
-including but not limited to", and that the word 
"comprises" has a corresponding meaning. 

For the purposes of this specification 
-orthogonal cleavage" is defined as the regioselective 
cleavage of a hydroxy or amino protecting group from a 
carbohydrate, in which the cleavage conditions do not 
compromise the stability of the other protecting or 
functional groups on the molecule. Such cleavages can be ^ 
effected in any order of priority. "Cleaved orthogonally 
and "orthogonal cleavage" are taken to be synonymous. 

DF.T AILED DESCRIPTION OF T HE INVENTION 
30 Abbreviations used herein are as follows: 

Alloc Allyloxycarbonyl 

Bn Benzyl 

Bu Butyl 

35 DCM Dichlorome thane 

Dde N-l- (4, 4-Dimethyl-2 , 6-dioxocyclohexylidene) ethyl 



20 



25 



WO 00/42057 



PCT/AU00/00025 



Dde-OH 

DMAP 
DMF 
5 DMTST 

EEDQ 

■ EtOAc 
10 EtOH 

FAB -MS 
HRMS 
Fmoc 
MBHA 
15 Me 

MeOH 
NCS 
NMR 
ODmab 

PEG 
tBu 
TFA 
THF 
Troc 
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30 



35 



6-Hydroxy-6- (4, 4 -dimethyl -2 , 6-dioxocyclohexyl- 
idene) ethyl 

N. N' -Dimethylaminopyridine 
N. AT' -Dimethyl f ormamide 

Diethyl (methylthio) sulphoniumtrif luoroxnethane- 
sulphonate 

l-isobutyloxycarbonyl^-isobutyloxy-l^-dihydro- 
qumoline ' 

Ethyl acetate 

Ethanol ; 

Fast atom bombardment mass spectrometry 

High resolution mass spectrometry 

Fluoromethoxycarbonyl 

Methyl benzyhydryamine resin 

Methyl 

Methanol . 

p-Nitrobenzyl-sulphonylethyloxycarbonyl 
Nuclear magnetic resonance 

4 - {N- [ 1 - < 4 , 4 -dimethyl -2 , 6 -dioxocyclohexyl idene ) - 

3-methylbutyl] -amino}benzyl alcohol 

Polyethylene glycol 

Tertiary-butyl 

Trifluoroacetic acid 

Tetrahydrofuran 

2/2,2 -Trichloroethoxycarbonyl 



»hic h are ZltTiTniT p T ides universal buildin3 blocks - 

of oliao ! solution and solid phase synthesis 

eir ::::: " ides - reaction ^ <« ™- - 

each target molecule is designed so as to specify the 
-hog , OCected funccionai w -^ s - : 

with a III ly !° Sylati0n ' * nd th °- -hi* need to be capped 

Tuch loT h T 9r ° UP SUCh " benZy1 ' benZ °^' - —'her 

synthesis rSmainS UnCleaV6d UDtil the end <* ^e 

synthesis, ln order to avoid competition during 

glycosylates later in the synthesis 
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When participation during the glycosylate 
reaction is required, the 2-hydroxyl is selectively 
deprotected and re-protected with a benzoyl .group which, 
again, remains until the completion of the synthesis. In 
the case of 2-deoxy 2-aminosugars , if participation or 
stereoselectivity is required the Dde group might be 
removed and replaced with a tetrachlorophthaloyl or 2,5- 
dimethylpyrrole group. 

Example 1 Synthesis of an Ex^lary Tetrasaccharide 

A strategy for synthesis of the tetrasacchande 
of formula VI is set out in Scheme 1. 



OH 



HO 



OH 




15 



VI 
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in solution phase, protecting groups A and C from 
the first sugar residue of the target molecule (residue 
[4] ) are selectively removed, and the sites capped by a 
permanent protecting group, eg. benzoyl group. The residue 
is then coupled to the resin, followed by selective removal 
of protecting group B. In solution phase, protecting group 
A from sugar residue [3] is selectively removed, and the 
site is capped by a permanent protecting group. Residue 
[3] is then linked to the resin-bound sugar residue via a 
glycosylation reaction. Protecting group C from the new 
disaccharide is removed, and residue [2] is linked via a 
glycosylation. Protecting group A is finally selectively 
removed to regenerate the 6-hydroxyl group,. which is linked 
with residue 1. 



15 
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Synthesis of an Orthogonally Protected 

Thiogrlycoside Building Block, Methyl 6-0- (t- 

butyldiphenylsilyl) -3-o- (p-chlorobenzoyl) -2- 
deo X y-2-[l-(4, 4 - d i iaetlxyl _ 2 , 6 _ d . oxocyclohex _ i _ 

ylidene) ethylamino] -4-O-tetrahydropyranyl-l- 
thio-p-D glucopyranoside ( 5 ) 




.SMe 



NH 




SMe 



pCIBzA.*— t*»\^SMe 
NH 




SMe 




SMe 



A mixture of methyl 2-deoxy-2- U - (4, 4-dimethyl- 

2 ' 6 - dl '»0'=yclohex-l- y ii d e„e)atl V laminoJ-l-thio-p-D 
glucopyranoside ,20 g, 54 mmol,. a,«-dimethoxytoluene 
(9.78 g. 64 mmol, an d P-toluenesulphonic acid ,50 mg, in 
dry acetonitrile (1 00 *l, . was stirred at 6Q . C fQr 2 ^ 
The reaction mixture was cooled to room temperature and 
adjusted to p„ 7 „ ith the a<Jdition Qf triethylamin£ The 

2 cT nt „r remOVSd " ^ the rSSidUe — «=•"« up in 
CH 2 C1 2 ,200 ml). washed wlth brine (50 ml) _ w . th water 
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(50 ml) and dried over MgSO< . The organic phase was 
concentrated to give a yellow solid, methyl 
4,6-0-benzylidene-2-deoxy-2-[l-(4,4-dimethyl-2,6- 

dioxocyclohex-l-ylidene) ethylamino] -1-thio-P -D 

glucopyranoside (24.5 g, 98%). 

Methyl 4, 6-0-benzylidene-3-0- (p-chlorobenzoyl) -2-de OX y-2- 
[l^A^-dimethyl^^-dioxocyclohex-l-ylideuOethylaminol-l- 

th.io-P-D glucopyranoside (2) 



10 



A mixture of methyl 4 , 6-0-benzylidene-2-deoxy-2- [1- (4, 4- 
dimethyl-2 , 6-dioxocyclohex-l-ylidene) ethylamino] -1-thio-P - 
D-glucopyranoside (1)(6.3 g, 13.5 mmol)., 
p-chlorobenzoylchloride (2.6 ml, 20 mmol) and 
15 4-dimethylaminopyridine (2.44 g, 40 mmol) in dry 
1,2-dichloroethane (100 ml), was stirred at room 
temperature overnight. The resultant suspension was 
filtered, the filtrate diluted with chloroform (100 ml) and 
washed with diluted brine (3 x 50 ml, H 2 G/Brine, 2/1). The 
20 organic phase was dried over MgSO, and the solvent removed 
in vacuo to give yellow solid. The residue chromatographed 
EtOAc/Hexane 1:1 as the mobile phase to give methyl 4,6-0- 
ben Z ylidene-3-0-(p-chloroben Z oyl)-2-deoxy-2-[l-(4,4- 

dimethyl-2 , 6-dioxocyclohex-l-ylidene) ethylamino] -1-thio-P - 
25 D-glucopyranoside (2) (6.4 g, 80%). 

Methyl 3-0-(p-chloroben Z oyl)-2-deoxy-2-[l-(4,4-dimethyl- 
2, 6-dioxocyclohex-l-ylidene)ethylamino] -1-thio-P-D 
glucopyranoside (3) 



30 



A mixture of methyl 4 , 6-0-benzylidene-3-0- (p- 
chlorobenzoyl)-2-deoxy-2-[l-(4,4-dimethyl-2,6- 

dioxocyclohex-l-ylidene) ethylamino] -1-thio-P -D 
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glucopyranoside (2) ( 2 . 5 1 g , 4. 20 « 1} and 50% agueous 
solutxon of tetrafluoroboric acid (1 ml ) in ace t oni trile 
(25 mL), was stirred at room temperature for 2 hours. The 

Le w :i s :i u ;: ed to 7 with the addit±on ° f t—™- and 

the resultant suspension concentrated. The residue was 
crystallised from diisopropyl ether-ethyl acetate to give 
-thyl 3-0-(p-chlorobenzoyl)- 2 - deoxy . 2 . [1 . (4/4 _ dimeth ^_ e 

2 , 6-d 10 xocy C lohex-l-yiidene) ethylamino] -l-thio-|3-D 
glucopyranoside (3) (1.7 g, 79%). 

Methyl 6-0- ( t-butyldiphenylsilyl, -3-o- (p-chlorobenzoyl) -2- 
deoxy-2- [1- (4, 4 -dimethyl -2, 6-dxoxocyclohex-l- 

ylidene)ethylamino]-l-thio-p-Dglucopyrano S ide (4) 

A mixture of methyl 3-0- (p-chlorobenzoyl, -2-deoxy-2- [1- 
(4, 4-dimethyl- 2 , 6-dioxocyclohex-l-ylidene) -ethylamino] -1- 
thro-P-D-glucopyranoside (3) (1.00 g, 1.95 mmol ) t- 
butyldiphenylsilyichloride (536 mg, 1.95) and 
4-dimethylaminopyridine (238 mg, 1.95 mmol), in 
1,2-dxchloroethane (30 mL, , was stirred under reflux for 
6 hours . The reaction mixture was cooled to room 
temperature, diluted with chloroform (60 mL) and washed 
wath diluted brine (3 x 50 mL, brine/water, 1:2 ), dried 
over M gS0 4 . The solvent was removed in vacuo and the 
rescue was chromatographed using hexane - EtOAc 1:1 as the 
mobxle phase to give a white solid, methyl 6-0- (t- 
butyldiphenylsilyl) -3-0- (p-chlorobenzoyl , -2 -deoxy-2 - [1- 
(4, 4-d 1 methyl- 2 , 6-dioxocyclohex-l-ylidene) ethylamino] -1- 
thro-p-D-glucopyranoside (4) (l.i g , 75%). 
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Methyl 6-0- (t-butyldiphenylsilyl) -3-0- (p-chlorobenzoyl ) -2- 
deoxy-2- [1- (4, 4 -dimethyl -2, 6-dioxocyclohex-l- 
ylidene) ethylamino] -4-O-tetrahydropyranyl-l-thio-p-D 
5 glucopyranoside (5) 

A mixture of methyl 6-0- ( t-butyldiphenylsilyl ) -3 -O- (p- 
chlorobenzoyl) -2-deoxy-2- [1- (4 , 4-dimethyl-2 , 6- 
dioxocyclohex-l-ylidene) ethylamino] -1-thio-p-D- 
L0 glucopyranoside (500 mg, 0.6 mol), 3 , 4-dihydro-2H-pyran 
(5 mL) and p-toluenesulphonic acid (5 mg) in dry 
acetonitrile (10 mL) was stirred at room temperature for 
1 hour. The reaction mixture was adjusted to pH 7 with the 
addition of triethylamine and then evaporated to dryness. 
15 The residue was taken up in dichloromethane (30 mL) , washed 
with water (2 x 10 mL) and the organic phase dried over 
MgS0 4 . The solvent was removed in vacuo and the residue 
was chromatographed using hexane - EtOAc 2:1 as the mobile 
phase to give methyl 6 -O- (t-butyldiphenylsilyl) -3 -O- (p- 
2 0 chlorobenzoy 1 ) -2 -deoxy-2 - [ 1 - ( 4 , 4 -dimethyl-2 , 6 - 

dioxocyclohex-l-ylidene) ethylamino] -4-O-tetrahydropyranyl- 

1-thio-p-D-glucopyranoside (5) (420 mg, 85%). 
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Synthesis of an Orthogonally Protected 
Thioglycoside Building Block, methyl 2- 

azido-6-O- (t-butyldiphenylsilyl) - 2 -deoxy-3- 
O- (4-methoxybenzyl) -4-O-biphenylcarbonyl-i- 
thio-p-D glucopyranoside 



.OH 



6 N 3 



7 N 3 



Ph 



8 N 3 



OTBDPS 



BPC 
MeOBni 




10 



15 



20 



11 N 3 



SMe 



- Hi 
MeOBiv 



.OTBDPS 
■Q 




.OH 



10 N 3 



SMe 



- Hi 

MeOBni 




9 N 3 



■SMe 



Methyl 2-a 2 ido-4, 6-0-benzylidene-2-deoxy-l-thio-B-D 
glucopyranoside (7) p u 

A mixture of methyl 2-azido-2-deoxy-l-thio-(3 -D 
glucopyranoside (6) (I0g, 4.25 mmol), a,a-dimethoxytoluene 
(9.71 g, 64 mmol) and p-toluenesulphonic acid (50 mg) in 
dry acetonitrile (100 mL) , was stirred at 6.0 -C for 2 hours 
The reaction mixture was cooled to room temperature and 
adjusted to pH 7 with the addition of triethylamine . The 
solvent was removed in vacuo. The residue was taken up in 
CH 2 C1 2 (200 mL), washed with brine (50 mL) , with water 
(50 mL) and dried over MgSO, . The organic phase was 
concentrated to give a white solid, methyl 2 -azido-4 . 6-0- 

benzylidene-2-deoxy-l-thio-P-D glucopyranoside (7) (10 5 g 
73%) . 
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Methyl 2-azido-4, 6-0-benzylidene-2-deoxy-3-0- ta- 
me thoxybenzyl) -1-tkio-fJ-D glucopyranoside (8) 

A suspension of sodium hydride (1.0 g, 41.8 mmol) in dry 
5 DMF (50 mL) was cooled to 0 °C, and a solution of methyl 2- 
azido-4, 6-0-benzylidene-2-deoxy-l-thio-j3-D glucopyranoside 
(7) (9.0 g, 27.8 mmol) in dry DMF (50 mL) was added 
dropwise in 30 minutes. The resulting solution was stirred 
at 0 °C for 30 minutes and 4-methoxybenzyl chloride (6.54 

10 g, 41.8 mmol) was added dropwise at 0 °C . The reaction 

mixture was stirred at room temperature overnight, cooled 
to 0 °C and dry methanol (5 mL) was added dropwise. The 
reaction mixture was concentrated under reduced pressure, 
then xylene (50 mL) was co-evaporated from the residue. The 

15 residue was taken up in CHC1 3 (200 mL) washed with H 2 0 (400 
ml), saturated NaHC0 3 solution (200 mL) dried over MgSQ 4 
and evaporated to dryness. The residue was crystallized 
from EtOH to give methyl 2-azido-4 , 6-0-benzylidene-2-deoxy- 
3-0- (4-methoxybenzyl) -1-thio-p-D-glucopyranoside (8) (9,0 

20 g, 73%) as white crystalline solid. 

Methyl 2 -azido-2 -deoxy- 3 -O- ( 4 -methoxybenzyl ) -1 -thio-p-D - 
glucopyranos ide ( 9 ) 

25 A mixture of methyl 2-azido-4 , 6-0-benzylidene-2-deoxy-3-0- 
( 4-methoxybenzyl) -l-thio-j3-D glucopyranoside (8) (12.0 g, 
27.08 mmol) and p-toluenesulphonic acid (3 00 mg) in MeOH 
MeCN 1:1 (400 mL) was stirred at 50 C° for 1 hour. The 
reaction mixture was evaporated, the residue was 

30 chromatographed using CHCl- 3 - EtOAc gradient to give methyl 
2 -azido-2 -deoxy-3 -O- (4-methoxybenzyl ) -1-thio-p-D- 
glucopyranoside (9) (8.21 g, 88%). 
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Methyl 2-azido-6-0-tert-butyldiphenylsilyl-2-deoxir-3-0- (4- 
methoxybenzyl) -1-thio-p-D glucopyranoside (10) 

A mixture of t-butyldiphenylsilyl chloride (8.66 g, 31.53 
mmol), 4-dimethylaminopyridine (5.12 g, 42.04 mmo 1 ) and 
methyl 2-azido-2-deoxy-3-0- (4-methoxybenzyl ) -l-thio-(3-D- 

glucopyranoside (9) (7. 21 g, 21.02 mmol) in dry 1,2- 
dichloroethane (100 mL) was stirred at 80°C for 2 hours 
The resulting clear solution was cooled to room 
temperature, diluted with CHC1 3 (300 mL) , washed with H 2 G 
(3 x 200 mL), brine solution (200 mL) , dried over MgS0 4 and 
evaporated. The residue was purified by chromatography 
usxng hexane - ether 2:1 as the mobile phas-e to give methyl 
2-azido-6-0-tert-butyldiphenylsilyl-2-deoxy-3-0-(4- 

methoxybenzyl)-i-thio-P-D glucopyranoside (10) (9.73 g 
80%) . 

Methyl 2-azido-6-0-tert-butyldiphenylsilyl-4-0- 
biphenylcarbonyl-2-deoxy-3-0- (4-methoxybenzyl) -1-thio-P-D 
glucopyranoside (11) 

A mixture of methyl 2-azido-6-0-tert-butyldiphenylsilyl-2 - 
deoxy-3-0-(4-methoxybenzyl) -1-thio-P-D glucopyranoside (10) 
(12.7 g, 21.46 mmol), 4-dimethylaminopyridine (5.23 g, 
42.92 mmol) in dry 1 , 2-dichloroethane (100 mL) was stirred 
at room temperature. Biphenylcarbonyl chloride (6.97 g, 
32.19 mmol) was added to the stirred reaction mixture in 15 
minutes. After the addition the resulting suspension was 
starred under reflux for 3 hours. The reaction mixture was 
cooled to 10*C and filtered. The crystalline solid was 
washed on the funnel with dry 1 , 2-dichloroethane (50 mL) 
and filtered. The filtrates were combined, diluted with 
CHCI3 (200 mL) and washed twice with diluted brine solution 
(water-brine 2:1) (150 mL) . The organic layer was dried 
over MgS0 4 and evaporated. The residue was crystallized 
from EtOH (75 mL) to give methyl 2-azido-6-0-tert- 
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butyldiphenylsilyl-4-0-biphenylcarbonyl-2-deoxy-3-0- (.4- 
methoxybenzyl) -1-thio-p-D-glucopyranoside (11) (12.7 g, 

76%) 

Example 4 Synthesis of an Orthogonally Protected 

Thioglycoside Building Block, methyl 2-azido-6-0- (t- 
butyldiphenylsilyl) -2-deoxy-3-0- (4-methoxybenzyl) -4-0- 
biphenylcarbonyl-l-thio-p-D-galactopyranoside ( 17 ) 



H<>\*-'- ,, ^\--- SMe 



12 



N 3 



BPCO OTBDPS 
MeOBiO-\*-«--^*\--- SMe 



13 N 3 



OTBDPS 
N 3 




14 N 3 



SMe 




16 



IS N 3 



10 



15 



20 



Methyl 2-azido-4, 6-0-benzylidene-2-deoxy-l-thio-p-D 
galactopyranoside (13) 

A mixture of methyl 2-azido-2-deoxy-l-thio-p -D- 
galactopyranoside (12) (3.0 g, 12.76 mmol) , <x,a- 
dimethoxytoluene (2.91 g, 19.14 mmol) and p- 
toluenesulphonic acid (30 mg) in dry acetonitrile (15 mL) , 
was stirred at 70 a C for 20 minutes. The reaction mixture 
was cooled to room temperature and adjusted to pH 7 with 
the addition of triethylamine . The solvent was removed in 
vacuo and the residue was taken up in CH 2 C1 2 (100 mL) , 
washed with brine (50 mL) , with water (50 mL) and dried 
over MgS0 4 . The organic phase was concentrated to give a 



30 
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white solid, methyl 2-azido-4 , 6-0-ben 2 ylidene-2-deoxy-l- 
thio-p-D-galactopyranoside (13) (3.09 g, 75%). 

Methyl 2-azido-4, 6-0-benzylidene-.2-deoxy.3-0- (4- 
5 methoxybenzyl ) -1- thio-P-D-galactopyranoside ( 14 ) 

A suspension of sodium hydride (123 mg, 4.87 mmol) in dry 
DMF (10 mL) was cooled to 0 °C, and a solution of methyl 2- 
azido-4,6-0-ben 2 ylidene-2-deoxy-l-thio-|3-D- 
0 galactopyranoside (13) (1.05 g, 3.25 mmol) in dry DMF (10 
mL) was added dropwise in 30 minutes. The resulting 
solutxon was stirred at 0 °C for 30 minutes -and 4- 
methoxybenzyl chloride (763 mg, 4.87 mmol) was added 
_ dropwise at 0 »C. The reaction mixture was stirred at room 
> temperature overnight, cooled to 0 °C and dry methanol (2 
mL) was added dropwise. The reaction mixture was 
concentrated under reduced pressure, then xylene (25 mL) 
was co-evaporated from the residue. The residue was taken 
up xn CHC1 3 (50 mL) washed with H 2 G (40 ml), saturated 
' NaHCO, solution (50 mL) dried over MgS0 4 and evaporated to 
dryness. The residue was crystallized from EtOH (10 mL) to 
gxve methyl 2-azido-4 / 6 -0-benzylidene-2 -deoxy-3 -O- (4- 
m ethoxyben 2 yl)-i- thio _p. D . galactopyranos . de {i4) {± Q ^ 
70%) as wh i te crystalline solid. 

Methyl 2-azido-2-deoxy-3-0-(4-methoxyben Zy i)-i-thio-P-D- 
galactopyranoside ( 15 ) 

A mixture of methyl 2 -azido-4, 6-0-benzylidene-2 -deoxy-3 -O- 
(4-methoxybenzyl, -i-thio-P-D-galactopyranoside (14) (500 
mg, 1.12 mmol, and P : toluenesul P honic acid (10 mg, in MeOH 
" MeCN 1:1 (50 mL, was stirred at 50 C« for 1 hour The 
reaction mixture was evaporated, the residue was 
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chromatographed using CHC13 - EtOAc gradient to give methyl 
2-azido-2-deoxy-3-0- (4-methoxybenzyl ) -1-thio-jJ-D- 
galactopyranoside (15) (309 mg, 80%) 

5 Methyl 2-azido-6-0-tert-butyldiphenylsilyl-2-deoxy-3-0-(4- 
methoxybenzyl) -1-thio-P-D-galactopyranoside (16) 

A mixture of t-butyldiphenylsilyl chloride (151 
mg, 0.54 mmol) , 4-dimethylaminopyridine (90 mg, 0.73 mmol) 
10 and methyl 2-azido-2-deoxy-3-0- (4-methoxybenzyl) -1-thio-p- 
D-galactopyranoside (15) (130 mg, 0.36 mmol) in dry 1,2- 
dichloroethane (8 mL) was stirred at 80°C for 2 hours. The 
resulting clear solution was cooled to room temperature, 
diluted with CHCI3 (20 mL), washed with H 2 0 (3 x 20 mL) , 
15 brine solution (20 mL) , dried over MgS0 4 and evaporated. 
The residue was purified by chromatography using hexane 
ether 2:1 as the mobile phase to give methyl 2-azido-6-0- 
tert-butyldiphenylsilyl-2-deoxy-3-0- (4-methoxybenzyl) -1- 
thio-p-D-galactopyranoside (16) (142 mg, 68%) . 
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Methyl 2-azido-6-0-tert-butyldiphenylsilyl-4-0- 
biphenylcarbonyl-2-deoxy-3-0- (4-methoxybenzyl) -1-thio-P-D- 
galactopyranoside (17) 

A mixture of methyl 2-azido-6-0-tert-butyldiphenylsilyl-2- 
deoxy-3-O- (4-methoxybenzyl) -1-thio-P-D-galactopyranoside 
(16) (213 mg, 0.36 mmol), 4-dimethylaminopyridine (67 mg, 
0.55 mmol) in dry 1, 2-dichloroethane (10 mL) was stirred at 
room temperature. Biphenylcarbonyl chloride (119 mg, 0.55 
mmol) was added to the stirred reaction mixture. The 
resulting suspension was stirred under reflux for 3 hours. 
The reaction mixture was cooled to 10*C and filtered. The 
crystalline solid was washed on the funnel with dry 
1, 2-dichloroethane (5 mL) and filtered. The filtrates were 
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confined dii uted with CHC1] {2Q ^ ^ ^ 
diluted brine solution (water-brine 2:1) (15 mL) . The 
organic layer was dried over MgSO« and evaporated The 
residue was purified by chromatography using hexane - CHC1 
1:1 as the mobile phase to give methyl 2-a 2 ido-6-0-tert- 

butyld lp henylsilyl- 4 -0-biphenylcarbonyl-2-deoxy-3-0-(4- 
methoxybenzyl)-!-^^.^.^^^^^.^ (1 



65%) . 
Example 5 



Synthesis of an Orthogonally Protected 
Thioglycoside Building Block, Methyl 6-0- (t- 
butyldiphenylsilyl ) -2-deoxy-2- [(1,3- 
diiuethyl-2, 4, 6 (1H, 3H, 5H) -trioxopyrimidin-5- 
ylidene)methylamino] -3-0- (4-methoxybenzyl ) - 
4 - o -b iphenyl carbony 1 - 1 - th i o - p-D- 
glucopyranoside ( 23 ) 
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Methyl 2-deoxy-2- [ (1, 3 -dimethyl -2,4, 6 (1H, 3H, 5H) - 
trioxopyrimidin-5-ylidene)methylamino] -1-thio-p-D- 

glucopyranoside (19) 

5 To methyl 2-deoxy-2- [1- (4, 4-dimethyl-2 , 6-dioxocyclohex-l- 
ylidene)-ethylamino]-l-thio-p-D-glucopyranoside (18) (100 g, 
268 mmol) was added cone, ammonia solution (300 mL) and the 
reaction mixture was stirred at 100 C° for 1 hour. The 
• suspension was cooled to room temperature and filtered. The 

0 filtrate was washed with CHCI3 (3x200 mL) , then the aqueous 
phase was evaporated under reduced pressure. The residue 
was taken up in EtOH : benzene 1:1 (250 mL) and evaporated 
to dryness . 

The residue was taken up in hot MeOH (600 mL) and 1, 3- 
5 dimethyl-5- [ (dimethylamino) methylene] 2, 4, 6 (1H, 3H, 5H) - 
trioxopyrimidine (Wow-reagent) (62.27 g, 294.9 mmol) in hot 
MeOH (120 mL) was added. /Synthesis of 1,. 3-Dimethyl-5- 
[ (dimethylamino ) methylene] 2, 4, 6 (1H, 3H, 5H) - 
trioxopyrimidine ( Wow- reagent ) : N, N-Dimethylf ormamide 
0 dimethyl acetal (252 g, 2.11 mol) was stirred at 0°C in 
CHCI3 (750 mL) . 1, 3-Dimethylbarbituric acid (300 g, 1.92 
mol) in CHCI3 (2100 mL) was added to the stirring acetal 
solution over 2 hours. The CHC1, was evaporated immediately 
following complete addition and the resulting residue re- 
25 suspended in CHC1 3 (2000 mL) and washed with water (3x600 
mL) and saturated brine solution (600 mL) . The organic 
phase was dried over MgS0 4 , filtered and evaporated to 
dryness under high vacuum. The residue was re-suspended in 
diethyl ether (750 mL) , filtered and washed on the funnel 
30 with additional diethyl ether (500 mL) to yield 1, 3- 

Dimethyl-5- [ (dimethylamino) methylene] 2, 4, 6 (1H, 3H, 5H) - 
trioxopyrimidine as a pale-yellow solid (271.85 g, 67%)./ 
The reaction mixture was stirred under reflux for 30 
minutes, then cooled to room temperature. The resulting 
35 suspension was filtered, the solid was washed with MeOH 

(150 mL), ether (150 mL) , dried to give methyl 2-deoxy-2- 
[ (1, 3 -dimethyl -2 , 4 , 6 (1H, 3H, 5H) -trioxopyrimidin-5- 
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ylidene)methylamino]-l-thio-P-D-glucopyranoside (19,(83 g, 

Methyl 4, 6-0-benzylidene-2-deoxy-2- [ (1, 3 -dimethyl - 

2, 4 , 6 ( 1H, 3H, 5H) -trio X opyriiuidin-5-ylidene)xnethylaiaino] -1- 

thio-p-D-glucopyranoside (20) 

A mixture of methyl 2 -deoxy-2 - [ ( 1 , 3-dimethyl- 

2 / 4 / 6(lH,3H / 5H)-trioxopyrimidin-5-ylidene) m ethylamino]-l- 
thio-(3-D- g lucopyranoside (19) (84.64 g, 226.31 mmol), a a- 
dxmethoxytoluene (51.66 g, 339.46 mmol) and p- 
toluenesulphonic acid (500 mg) in dry acetonitrile 
(600 mL), was stirred at 60°C for 2 hours. The reaction 
mixture was cooled to room temperature and filtered The 
solid was washed with ether (200 mL) , dried to give methyl 
4, 6-0-benzylidene-2-deoxy- [ (1, 3 -dimethyl -2 , 4 , 6 ( 1H, 3H, 5H) - 

trioxopyrimidin-5-ylidene)methylamino]-l-thio-P-D- 
glucopyranoside (20) (80 g, 77%) . 

Methyl 4, S-O-benzylidene^-deoxy^- [ (1, 3-dimethyl- 

2, 4, 6 ( 1H, 3H, 5H) -trio X opyrimidin-5-ylidene)methylamino] -3-0- 

(4-methoxyben Z yl) -1-thio-P-D-glucopyranoside (21) 

A suspension of sodium hydride (6.82 g, 269.97 mmol) in dry 

DMF (50 mL) was cooled to 0 °C, and a solution of methyl 

4, 6-0-ben 2 ylidene-2-deoxy-2-[ (1, 3-dimethyl-2 , 4, 6 (1H, 3H,5H) - 

trioxopyrimidin-5-ylidene)methylamino]-l-thio-p-D- 
glucopyranoside (20) (50 g, 107.99 mmol in dry DMF (200 mL) 
was added dropwise in 30 minutes. The resulting solution 
was stxrred at room temperature for 30 minutes and 4- 
methoxybenzyl chloride (37.36 g, 238.56 mmol) was added 
dropwise at 0 «C . The reaction mixture was stirred at room 
temperature overnight, cooled to 0 °C and dry methanol (10 
mL) was added dropwise. The reaction mixture was 
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concentrated under reduced pressure, then xylene (200 mL) 
was co-evaporated from the residue. The residue was taken 
up in CHC1 3 (1000 mL) washed with H 2 0 (1000 ml), saturated 
NaHCO, solution (1000 mL) dried over MgSO< and evaporated 
to dryness. The residue was crystallized from EtOH to give 
methyl 4, 6-0-benzylidene-2-deoxy-2- [ (1, 3-dimethyl- 
2 , 4, 6 ( 1H, 3H, 5H) -trioxopyrimidin-5-ylidene) methylamino] -3-0- 
(4-methoxybenzyl)-l-thio-P-D-glucopyranoside (21) (52.21 g, 

82%) . 

Methyl 2-deoxy-2- [ (1, 3 -dimethyl -2, 4, 6 ( 1H, 3H, 5H) - 
trioxopyrimidin-5-ylidene) methylamino] -3-0- (4- 
methoxybenzyl) -l-thio-p-D-glucopyranoside (22 ) 

15 A mixture of methyl 4 , 6-0-ben Z ylidene-2-deoxy-2- [ ( 1 , 3 - 
dimethyl -2 , 4 , 6 (1H, 3H, 5H) -trioxopyrimidin-5- 
ylidene) methylamino] -3 -O- ( 4-methoxybenzyl ) -1-thio-p-D- 
glucopyranoside (21) (52.21 g, 89.55 mmol and p- 
toluenesulphonic acid (200 mg) in MeOH - MeCN 1:1 (400 mL) 

20 was stirred at 50 C* for 1 hour. The reaction mixture was 
evaporated, the residue was chroma tographed using CHC13 
MeOH 10:1 as the mobile phase to give methyl 2-deoxy-2- 
[ (l,3-dimethyl-2 ,4, 6 (1H, 3H, 5H) -trioxopyrimidin-5- 
ylidene) methylamino] -3-0- (4-methoxybenzyl ) -l-thio-(5-D- 

25 glucopyranoside (22) (31.0 g, 70%) 

Methyl 6-0-tert-butyldiphenylsilyl-2-deoxy-2-[(l,3- 
dimethyl-2, 4, 6 (1H, 3H, 5H) -trioxopyrimidin-5- 
ylidene) methylamino] -3-0- (4-methoxybenzyl) -1-thio-p-D- 
3 0 glucopyranos ide (23) 

A mixture of t-butyldiphenylsilyl chloride (16.65 g, 60.60 
mmol), 4-dimethylaminopyridine (9.85 g, 80.80 mmol) and 
me thyl 2-deoxy-2- [ (1, 3 -dimethyl -2 ,4,6 (1H, 3H, 5H) - 



WO 00/42057 

PCT/AUOO/00025 

- 28 - 

trioxopyrimidin-5-yli d ene, m e t hylamino] -3-0- (4- 

methoxybenzyl) -i-thi - o-R n „^ 

thl ° P-D-^copyranoside (22) (20 g, 40 4 

d i, 2 - dichloroethane (200 ^ _ sti - e ;- 

80 for 2 hours. The resulting clear solution was cooled 
5 to room temperature, diluted with CHC1 (20n r, 

with H 2 D (3 xSOOmn k • mL) ' WaShed 

MaSO I S S ° lution ^0 dried over 

MgSO, and evaporated. The reside 

residue was purifi<=H k,, 
chromatography usinrr i o u-. P Iled bv 

pny using 1 , 2 -dichloroethane - EtOAc 10-1 ^ 

deoxy ni,3-d lm et„yl-2,4. 6( lH.3„.5H,-trioxop y ri mi di n - 5 - 
f ^el^^ino, .3- 0 . (4-methoxybenzyl) -i-thio-p.o. 
Slucopyranoside (23) (23.3 g, 79%). 

Methyl *-°-ter t - but y laipllenylsilyl _ 4 

yliaeneiMethyZaxa^ol-s-o-CO-^etho.ybeuzyl.-l-thio-B-r,- 
g lucopyranos ide (24) 
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mTdlmeth Tt Y 6 -°- tert - bUt ^^nylsilyl- 2 - deoxy . 2 _ 
[(1.3 dimethyl-2 , 4 , 6 ( lH , 3H, 5H) -trioxopyrimidin-5- 
ylxdene)methylamin 0] -3-0- (4-methoxy be n Z yl ) -l-thio-0- D - 
glucopyranoside (23) (10.0 g, l 3 . 64 , 4 _ 

dimethylaminopyridine (2.5 g, 20.46 mmol) in dry 1,2- 
dichloroethane (100 mL) was stirred .t- 

Binh^i^ , stirred at room temperature. 

Bipnenylcarbonyl chloride (4 42 a ?n a* 

the sf irr- a H • g ' 20 - 46 ™°D was added to 

cne stirred reaction mixture. The result--!™ * 
stirred under reflux for * * ^ sus P en sion was 

cooled to mo. I h ° UrS - The rea ^ion mixture was 

washed on th f ^ -lid was 

wdsnea on the funnel with rirv i o ^> ■ -u-, 
and filtered. The filiate! 2 ~ dlcn l°roethane (20 

CHC1 Mnn £lltr «^ were combined, diluted with 

zl™ r ur zrir ic : with diiuted bri - so — 

over Moso „ 5 ' ^ ° rganic layer was ^ied 

over MgsO< and evaporated. The residue was purified bv 
chromatography using hexane - CHC1 3 1 • i as , „ 

to oivp mo( .v, -i ^ 1 -- L as the mobile phase 

to give methyl 6-O-tert-butyldiphenylsilyl- 4 - 0 - 
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biphenylcarbon Y l-2-deoxy-2- ( { 1 , 3 -dimethyl-2 , 4 , 6 ( 1H, 3H, 5H) 
t r ioxopyr imidin- 5 -y 1 idene ) methy lamino ] - 3 -O- ( 4 - 
methoxybenzyD-l-thio-P-D-glucopyranoside (24) (9.5 g, 

75%) . 

Example 6 Synthesis of an Orthogonally Protected 

Thioglycoside Building Block, Methyl 6-0-(t- 
butyldiphenylsilyl) -2-0- ( 4 -methoxybenzyl ) -3-0-allyl-4-0- 
acetyl-l-thio-p -D-galactopyranoside ( 6 ) 
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Methyl 6-0- ( t-butyldiphenylsilyl) -1-th.io-P-D- 
galactopyrarxoside (26 ) 

A mixture of methyl l-thio-P-D-galactopyranoside (25) (5 g, 
28 mmol), chloro t-butyldiphenylsilane (5.85 g, 21 mmol) 
and DMAP (2.63 g, 21 mmol) in dry 1, 2-dichloroethane (130 
mL) was left to stir at reflux for 2.5 h. The reaction 
mixture was cooled to room temperature, diluted with 
dichloromethane (200 mL) and washed with saturated sodium 
chloride solution (2 x 250 mL) . The organic phase was 
dried over MgS0 4 and subsequently evaporated to dryness to 
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give methyl 6-G- ( t-butyldiphenylsilyl ) -1 - thio-P-D- 
galactopyranoside (26) (7.5 g, 81%) as a colorless oil. 

Methyl 6-0- ( t-butyldiphenylsil yl ) _ 3/ 4-O-isopropylidene-!- 
thio-p-D-galactopyranoside (27) 

A mixture of methyl 6-0- ( t-butyldiphenylsilyl ) -l-thio- P -D- 
galactopyranoside (26) (7.4 g, 16.5 mmol) and p- 
toluenesulphonic acid (20 mg) in 2 , 2-dimethoxypropane (100 
mL) was left to stir at room temperature for 2 h The 
reaction mixture was then neutralized with triethylamine (1 
™L) and evaporated to dryness. The residue was dissolved in 
dxchloromethane (250 mL) , washed with water (1 x 250 mL) 
drxed over MgS0< and evaporated to dryness to give methyl 
6-0- ( t-butyldiphenylsilyl ) -3 , 4-O-isopropylidene-l-thio-P-D- 
galactopyranoside (27) (7.0 g, 87%) as a white solid. 

Methyl 6-0- ( t-butyldiphenylsilyl) - 2 -o- (4-inethoxybenzyl) - 

3,4-O-isopropylidene-l-thio-P-D-galactopyranoside (28) 

To a suspension of sodium hydride (95%, 0.53 g, 21 mmol) in 
dry DMF (100 mL) at 0° C°, was added dropwise methyl 6-0- 
( t-butyldiphenylsilyl ) -3 , 4-O-isopropylidene-l-thio-p-D- 
galactopyranoside (27) (6.8 g, 13.9 mmol) as a solution in 
dry DMF (25 mL) in 5 minutes. The resulting mixture was 
left to stir at 0 C° for 15 min and then at room 
temperature for 1 h. The mixture was then cooled to 0 C° 
and a solution of 4-methoxybenzyl chloride (3.27 g 21 
xtunol) in dry DMF (25 mL) was added dropwise, over 5 min. 
The reaction mixture was left to stir at 0° C for 15 min 
and then at room temperature for 16 h. After this period 
the reactxon was neutralized with absolute ethanol (15 mL) 
at 0° c, and then evaporated to dryness. The residue was 
taken up in chloroform (400 mL) , washed with water (300 mL) 
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and saturated sodium bicarbonate solution (300 mL) . The 
organic phase was dried over MgSCu and evaporated to 
dryness to give the crude product as an orange oil (-9 g) . 
The crude material was chromatographed using EtOAc - hexane 
5 25 : 75 as the mobile phase to give methyl 6-0-(t- 
butyldiphenylsilyl) -2-0- ( 4-methoxybenzyl ) -3 , 4-0- 
isopropylidene-l-thio-[3-D-galactopyranoside (28) as a pale 
. yellow oil (6.5 g, 77%). 

10 

Methyl 6-0- ( t-butyldiphenylsilyl ) -2-0- (4-methoxybenzyl) -1- 
thio-fi-D-galactopyraiioside (29) 

A suspension of methyl 6-0- ( t-butyldiphenylsilyl ) -2-0- (4- 
methoxybenzyl ) -3 , 4-0-isopropylidene-l-thio-p-D- 

15 galactopyranoside (28) (6.4 g, 10.5 mmol) in acetic acid 
(80%, 150 mL) was left to stir at 70 C° for 1.5 h. The 
reaction mixture was evaporated to dryness and the 
remaining residue was chromatographed using EtOAc - hexane 
1 : 1) to give methyl 6-0- ( t-butyldiphenylsilyl) -2-0- (4- 

20 methoxybenzyl) -1-thio-P-D-galactopyranoside (29) as a pale 
yellow oil (3.0 g, 50%). 

Methyl 6-0- ( t-butyldiphenylsilyl) -2-0- (4 -methoxybenzyl ) - 3 - 
O-allyl-l-thio-P-D-galactopyranoside (30) 

25 A mixture of methyl 6-0- ( t-butyldiphenylsilyl ) -2-0- (4- 

methoxybenzyl) -1-thio-p-D-galactopyranoside (29) (2.8 g, 
4.9 mmol) and dibutyl tin oxide (1.6 g, 6.4 mmol) in 
anhydrous methanol (200 mL) was stirred at reflux for 1 h. 
The reaction mixture was evaporated to dryness and the 

3 0 remaining residue dissolved in dry toluene (50 mL) . 

Tetraethylammonium bromide (1.34 g, 6.4 mmol) and allyl 
bromide (7.7 g, 64 mmol) were added. The reaction mixture 
was left to stir at reflux overnight. The reaction mixture 
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was cooled to room temperature and filtered. The filtrate 
was evaporated to dryness and the residue was purified by 
chromatography using EtOAc - hexane 15 : 85 as the mobile 
phase to give methyl 6-0- ( t-butyldiphenylsilyl ) -2-0- (4- 

methoxybenzyl) -3-O-allyl-l-thio-P-D-galactopyranoside (30) 
(1.5 g, 50%) as a pale yellow oil. 

Methyl 6-0- ( t-butyldiphenylsilyl) -2- O- (4 -methoxybenzyl ) -3- 
O-allyl-4-O-acetyl-l-thio-p-D-galactopyranoside (31) 

To a solution of methyl 6-0- ( t-butyldiphenylsilyl) -2-0- (4- 

methoxyben2yl)-3-0-allyl-l-thio-P-D-galactopyranoside (30) 
(1.4 g, 2.3 mmol) in pyridine (30 mL) was added acetic 
anhydride (20 g, 196 mmol) in one portion. The resulting 
solution was left to stir at room temperature for 72 h. 
The reaction contents were then evaporated to dryness and 
the residue was dissolved in dichloromethane (200 mL) . The 
solution was washed with potassium hydrogen sulphate 
solution (1M, 2 x 150 mL) followed by saturated sodium 
chloride (150 mL) , dried over MgS0 4 and evaporated to 
dryness. The crude residue was purified by chromatography 
using dichloromethane as the mobile phase to give Methyl 6- 
O- (t-butyldiphenylsilyl) -2-0- (4-methoxybenzyl) -3-0-allyl-4- 

O-acetyl-l-thio-P-D-galactopyranoside (31) (750 mg, 48%) as 
a pale yellow oil. 



Selective Deprotection - Etherif ication 
study using an Orthogonally Protected 
Thioglycoside Building Block, Methyl 2- 

azido-6-0-tert-butyldiphenylsilyl-4-0- 
biphenylcarbonyl -2 -deoxy- 3 -O- ( 4 - 

methoxybenzyl) -l-thio-P-D glucopyranoside 
(11) 
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Methyl 2-azido-6-0-tert-butyldiphenylsilyl-2-deoxy-3-0- (4- 
methoxybenzyl ) -1-thio-p-D-glucopyranoside ( 10 ) 

Sodium (89 mg) was reacted in dry MeOH (50 mL) then a 
solution of methyl 2-azido-4-0-biphenylcarbonyl-6-0-tert- 
butyldiphenylsilyl-2-deoxy-3-0- (4-methoxybenzyl) -1-thio-p- 
D-glucopyranoside (11) (3 g, 3.88 mmol) in THF (25 mL) was 
added. The reaction mixture was stirred at 40 C° for 3 0 
minutes, then cooled to room temperature. The solution was 
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neutralized by Amberlite IR 120 (H*) ion exchange resin. 
The suspension was filtered, the filtrate was evaporated. 
The residue was purified by chromatography using EtOAc - 
hexane 1 : 4 as the mobile phase to give methyl 2-azido-6- 
0-tert-butyldiphenylsilyl-2-deoxy-3-0- ( 4 -met hoxy benzyl ) -1- 
thio-p-D-glucopyranoside (10) (2.1 g, 91%) 

Methyl 2-a Z ido-4-0-benzyl-6-0-tert-b U tyldiphenylsilyi-2- 

deoxy-3-0-(4-metho X yben Z yl)-l-tl 1 io-p.D-glucopyrano S ide (32) 

A suspension of sodium hydride (196 mg, 5.1 mmol) i n dry 
DMF (10 mL) was cooled to 0 °c, and a solution of methyl 2- 
azido-6-0-tert-butyldiphenylsilyl-2-deoxy-3-0- (4- 
methoxybenzyl)-l-thio-P-Dglucopyranoside (10) (2.53 g, 4 3 
mmol) in dry DMF (20 mL) was added dropwise in 30 minutes. 
The resulting solution was stirred at room temperature for 
30 minutes and benzyl bromide (880 mg, 5.1 mmol) was added 
dropwise at 0 °C . The reaction mixture was stirred at room 
temperature overnight, cooled to 0 *c and dry methanol (1 
mL) was added dropwise. The reaction mixture was 
concentrated under reduced pressure, then xylene (20 mL) 
was co-evaporated from the residue. The residue was taken 
up in CHC1 3 (100 mL) washed with H z O (100 ml), saturated 
NaHC0 3 solution (100 mL) dried over MgSO, and evaporated to 
dryness. The residue was purified by chromatography using 
EtOAc - Hexane 1 : 9 as the mobile phase to give methyl 2- 
azido-4-0-benzyl-6-0-tert-butyldiphenylsilyl-2-deoxy-3-0- 

(4-methoxybenzyl)-l- t hio-P-D-glucopyranoside (32) (2.0 g, 
68%) . 



Methyl 2-a Z ido-4-0-ben Z yl-2-deoxy-3-0- (4-methoxybenzyl) -1- 
thio-P-D-srlucopyranoside (33) 

To a mixture of methyl 2-azido-4-0-benzyl-6-0-tert- 
butyldiphenylsilyl-2-deoxy-3-0- (4-methoxybenzyl ) -l-thio-0- 
D-glucopyranoside (32) (1.5 g, 2.2 mmol) and anhydrous AcOH 
(28.8 mL) i n dry th F (169 ^ hydrogen f luoride-pyridine 
complex (20.3 mL) was added in a polypropylene container. 
The reaction mixture was kept at room temperature 



10 



15 



20 



25 



PCT/AU00/00025 

WO 00/42057 

- 35 - 

overnight, then diluted with EtOAc (1 L) . The resulting 
solution was washed with saturated sodium hydrogen 
carbonate (4 x 1 L) , saturated brine solution (1 L>, dried 
over MgSO« and evaporated to dryness. The residue was 
crystallized from MeOH. The mother liquor was evaporated, 
the residue was treated with hexane to get more solid. The 
solid products were combined affording methyl 2-azido-4-0- 
benzyl-2-deoxy-3-0- (4-methoxybenzyl) -1-thio-p-D- 

glucopyranoside (33) (735 mg, 75%). 

Methyl 2-a Z ido-4-0-ben Z yl-6-0-(4-chlorobenzyl)-2-deo X y-3-0- 
(4-methoxybenzyl) -1-tbio-P-D-glucopyranoside (34) 

A suspension of sodium hydride (71 mg, 1.8 mmol) in dry DMF 
(5 mL) was cooled to 0 °C, and a solution of methyl 2- 
aZ ido-4-0-benzyl-2-deoxy-3-0- (4-methoxybenzyl) -1-thio-p-D- 
glucopyranoside (33) (680 mg, 1.5 mmol) in dry DMF (5 mL) 
was added dropwise in 30 minutes. The resulting solution 
was stirred at room temperature for 30 minutes and 4- 
chlorobenzyl chloride (295 mg, 1.5 mmol) was added dropw.se 
at 0 °C The reaction mixture was stirred at room 
temperature for 4.5 hours, cooled to 0 °C and dry methanol 
(1 mL) was added dropwise. The reaction mixture was 
concentrated under reduced pressure, then xylene (10 mL) 
was co-evaporated from the residue. The residue was treated 
with hexane (10 mL) and filtered to give methyl 2-azido-4- 
O-benzyl-6-O- (4-chlorobenzyl) -2-deoxy-3-0- (4- 
methoxybenzyD-l-thio-li-D-glucopyranoside (34) (620 mg, 71 

%) . 
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35 



Methyl 2-azido-4-0-benzyl-6-0- (4-cblorobenzyl) -2-deoxy-l- 
thio-p-D-glucopyranoside (35) 

A mixture of methyl 2-azido-4-0-benzyl-6-0- (4- 
chlorobenzyl) -2-deoxy-3-0- (4-methoxybenzyl) -1-thio-P-D 

glucopyranoside (34) (580 mg, 1.01 mmol) and DDQ (270 mg, 
1.2 mmol) in CH 2 C1 2 - H 2 0 9:1 (10 mL) was stirred at room 
temperature for 3 hours. The reaction mixture was washed 
with saturated NaHC0 3 solution (3 x 15 ml), dried over 
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MgSO< and evaporated. The residue was purified by 
chromatography using CHCl 3 -Hexane-MeOH 30:20:0 5 as the 
mobxle phase to give methyl 2-azido-4-0-ben 2 yl-6-0- (4- 
Z ^^^"^^--^-^^-opyranoside (35 ) (300 
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Metbyl 2- Miao . <1 . 0 . 1)en2yl . 5 . 0 . (il . ehl 

pe ata » etllylbenzyl . 1 . tllio .p. D . 3luoopyEaiiosiae 3-0- 

t^ZVlV SOdlUmh ^ ide «° 1-0 60S, in 

uj:y umz (5 itiL) was cooler) t-<o n <v* . , 

, . . . coded to 0 c, and a solution of methvl 

2-azido-4-0-benzvl-fi-n 11 -v,i ,_ '«ecny± 
oenzyi 6 o- (4-chlorobenzyl ) -2 -deoxy-l-thio-B-D 
Slucopyranoside (35, (280 mg , 0 . 67 mmol, in dry DMF (5 *J 
was added dropwise i» 30 minutes. The resulting solution^ 
was stored at room temperature for 30 nunutes and 
pentamethylbenzyl chloride ,200 m g . l.o »!, „ as added 
dropw.se at 0»c. The reaction mixture was stirred at room 

■»L) was added dropwise. The reaction mixture was 
concentrated under reduced pressure then xylene ,10 mL, was 
co-evaporated from the residue. The residue was in EtOAc 
,100 mL> . washed with brine ,2 x 100 mL, . dried over MgSO, 

,50 Z?°T f S V reSUlCin9 S ° lid " aS SUS ^ d - — 

50 mL,and Altered to give methyl 2-azido-4-0-benzyl-6-0- 

(4-chlorobenzyl,-2-deoxy-3-0- P ent a methylbenzyl-l-thio-p-D- 
glucopyranoside (36) (290 mg, 76%) . 

2- t (1. 3-dimethyl-2. 4. 6 (Is. 3H. 5H) -trioxopyrimidin-S- 
yl 1 dene, methylamino j ..^ 2-aziao-4-c.-benzyl-6.o- (4- 
chlorobenzyl , -2-deoxy-3-0-pen t ame t bylbenzyl-a. S-D- 
glucopyranoside (37) 

A mixture of methyl 2-azido-4-0-benzyl-6-0- (4- 
chlorobenzyD-s-deoxy-S-o-pentamethylbenzyl-^thio-P-D 

,36 ' 1220 °- 36 ^». 2- ( ,l,3-dimethyl- 

~ : 91 ^"^""i^n-S-ylideneimethylamino) - 

stirred ! " 1 ' 2 -^-oethane ,10 mL, was 

strrred at room temperature tor 30 minutes. The reaction 
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mixture was neutralized with TEA (0.5 mL) and evaporated. 
The residue was purified by chromatography using CHCl 3 -MeOH 
40 mL : 20 drops as the mobile phase to give 2- [(1,3- 
dimethyl-2,4, 6 (1H, 3H, 5H) -trioxopyrimidin-5- 
5 ylidene)methylamino] -ethyl 2-azido-4-0-benzyl-6-0- (4- 
chlorobenzyl) -2-deoxy-3 -O-pentamethylbenzyl-P-D 
glucopyranoside (37) (220 mg, 77%) . 

2 - [ (1, 3 -dime thy 1 -2, 4, 6 (1H, 3H, 5H) -trioxopyrimidin-5- 
10 ylidene)methylamino] -ethyl 2 -amino-4 -O-benzyl-6 -O- (4- 
chlorobenzyl) -2-deoxy-3-0-pentamethylbenzyl-a, P-D- 
glucopyranoside (38) 

A mixture of 2- [ (1 , 3-dimethyl-2 , 4 , 6 (1H, 3H, 5H) - 
trioxopyrimidin-5-ylidene)methylamino] -ethyl 2-azido-4-0- 

15 benzyl-6-0-(4-chlorobenzyl) -2-deoxy-3-0-pentamethylbenzyl- 
p-D glucopyranoside (37) (160 mg, 0.2 mmol) and TEA (3 
drops) in 1 , 3-propanedi thiol (1 mL) was stirred at room 
temperature overnight. The reaction mixture was 
chroma tographed using EtOAc - hexane 1:1 then EtOAc - MeOH 

20 10:1 solvent systems as mobile phases to give _2- [ (1, 3- 
dimethyl-2,4, 6 (1H, 3H, 5H) -trioxopyrimidin-5- 
ylidene)methylamino] -ethyl 2-amino-4-0-benzyl-6-0- (4- 
chlorobenzyl) -2-deoxy-3-0-pentamethylbenzyl-ct, p-D 
glucopyranoside (38) (123 mg, 80%) 

25 

2- [ (1, 3 -dimethyl -2, 4, 6 (1H, 3H, 5H) -trioxopyrimidin-5- 
ylidene)methylamino] -ethyl 2- [ (1, 3 -dimethyl - 
2 . 4 . 6 ( 1H, 3H, 5H ) -trioxopyrimidin- 5 -ylidene ) methylamino] -4-0- 
benzyl-6-O- (4-chlorobenzyl) -2-deoxy-3-0-pentamethylbenzyl- 

3 0 a, P-D glucopyrsinoside (39) 

A mixture of 2- [ ( 1 , 3 -dimethyl-2 , 4 , 6 ( 1H, 3H, 5H) - 
trioxopyrimidin-5-ylidene)methylamino] -ethyl 2-amino-4-0- 
benzyl-6-O- (4-chlorobenzyl) - 2 -deoxy-3 -O-pentamethylbenzyl- 
P-D glucopyranoside (38) (50 mg, 0 . 066 mmol ), 1 , 3-dimethyl- 

35 5- [ (dimethylamino) methylene] 2, 4, 6 (1H, 3H, 5H) - 

trioxopyrimidine (Wow-reagent) (50 mg, 0.24 mmol), TEA (0.2 
mL) in CHC1 3 - MeOH 3:1 (4 mL) was stirred at room 
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temperature for 3 hours. The reaction mixture was 

EtOAc ratS ": reSUltin * residue was chroma tographed using 

EtOAc as the mobile phase to give 2 -[ ( 1 , 3 -dimethyl - 

2 , 4 6 (1H, 3H, 5H, -trioxopyrimidin-5-ylidene)methylamino] - 
ethyl 2- [ (i, 3-dimethyl-2, 4, 6 (1H, 3H, 5H) -trioxopyrimidin-5- 
y^denejmethylamino] -4-O-benzyl-G-O- (4-chlorobenzyl) -2- 

deoxy^-O-pentamethylbenzyl-a^-Dglucopyranoside (39) (45 
mg, 75%) . ' ^ s 
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Selective deprotection study using an 
Orthogonally Protected Thioglycoside 
Building Block, Methyl 2-azido-6-0-tert- 

butyldiphenylsilyl-4-0-biphenylcarbonyl-2- 
deoxy- 3-0- (4 -me thoxybenzy 1 ) -1 - thio - J5-D 
glucopyranoside (11) 
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Methyl 2-a 2 ido-6-o-tert-butyldiphenylsilyl-2-deoxy-3-0- (4- 
methoxybenzyl ) -1-thio-P-D glucopyranoside ( 10 ) 

Sodium (89 mg) was reacted in dry MeOH (50 mL) then a 
solutxon of methyl 2-azido-4-0-biphenylcarbonyl-6-0-tert- 
butyldxphenylsilyl-2-deoxy-3-0- (4-methoxybenzyl ) -1-thio-fJ-D 
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glucopyranoside (11) (3 g, 3.88 iranol) in THF (25 mL) was 
added. The reaction mixture was stirred at 40 C° for 30 
minutes, then cooled to room temperature. The solution was 
neutralized by Amberlite IR 12 0 (H + ) ion exchange resin. 
The suspension was filtered, the filtrate was evaporated. 
The residue was purified by chromatography using EtOAc - 
hexane 1 : 4 as the mobile phase to give methyl 2-azido-6- 
0-tert-butyldiphenylsilyl-2-deoxy-3-0- ( 4-methoxybenzyl ) -1- 
thio-(3-D glucopyranoside (10) (2.1 g, 91%). 



Methyl 2-azido-4-0-biplxenylcarbonyl-2-deoxy-3-0- (4- 
methoxybenzyl ) -l-thio-p-D-glucopyranoside (40 ) 

To a mixture of methyl 2-azido-4-0-biphenylcarbonyl-6-0- 
tert-butyldiphenylsilyl-2-deoxy-3-0- (4-methoxybenzyl) -1- 

15 thio-jJ-D-glucopyranoside (11) (150 mg, 0.19 nunol) and 
anhydrous AcOH (2.8 mL) in dry THF (17 mL) 
hydrogenfluoride-pyridine complex (2 mL) was added in a 
polypropylene container. The reaction mixture was kept at 
room temperature overnight, then diluted with EtOAc (100 

20 mL) . The resulting solution was washed with saturated 
sodiumhydrogen carbonate (4 x 100 mL) , saturated brine 
solution (100 mL) , dried over MgS0 4 and evaporated to 
dryness. The residue was purified by chromatography using 
EtOAc - hexane 2 : 5 as the mobile phase to give methyl 2- 

25 azido-4-0-biphenylcarbonyl-2-deoxy-3-0- (4-methoxybenzyl ) -1- 
thio-P-D-glucopyranoside (40) (96 mg , 93%) . 

Methyl 2-azido-4-0-bipb.enylcarbon.yl-6-0-tert- 

buty ldiphenyls i ly 1 - 2 - deoacy- 1 - thio - p-D-glucopyranos ide (41) 

30 A mixture of methyl 2 -azido-4-0-biphenylcarbonyl-6-0-tert- 
butyldiphenylsilyl-2-deoxy-3-0- (4-methoxybenzyl ) -1-thio-p- 
D-glucopyranoside (11) (150 mg, 0.19 mmol) and DDQ (52 mg, 
0.23 mmol) in CH 2 C1 2 - H 2 0 9:1 (5 mL) was stirred at room 
temperature for 3 hours. The reaction mixture was washed 

35 with saturated NaHCO, solution (3x3 ml), dried over MgSO< 
and evaporated. The residue was purified by chromatography 
using EtOAc - hexane 15:85 as the mobile phase to give 
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methyl 2 -azido-4-0-biphenylcarbonyl-6-0-tert- 

butyldiphenylsilyl-2-deoxy-l-thio-P-D-glucopyranoside (41) 
- (116 mg, 92%) . 

Methyl 2-amino-4-0-biphenylcarbonyl-6-0-tert- 
butyldipbenyl S ilyi- 2 . deoxy . 3 . 0 . ( 4 -methoxybenzyl ) -1-thio -B- 
D-glucopyranoside (42) 

A mixture of methyl 2-azido-4-0-biphenylcarbonyl-6-0-tert- 

butyld lp henylsilyl-2-deoxy-3-0-(4-methoxybenzyl)-l-thio-B 
D-glucopyranoside (11) (i 5 0 mg, 0.19 mmol) and TEA (3 
drops) in 1 , 3-propanedithiol (1 mL) was stirred at room 
temperature overnight. The reaction mixture was 
chromatographed using EtOAc - hexane 15:85 then EtOAc - 
hexane 1:1 solvent systems as mobile phases' to give methyl 

2-am a no-4-0-biphenylcarbonyl-6-0-tert-butyldiphenyl s ilyi-2- 
deoxy-3-O- ( 4 -methoxybenzyl ) -1-thio-B-D-glucopyranoside (42) 
(130 mg, 91%) . 

3, 4-Methylenedioxybenzyl 2-azido-4-0-biphenylcarbonyl-6-0- 
tert-butyldiphenyl S iiyi-2-deoxy-3-0- ( 4 -methoxybenzyl ) -a, B- 
D-glucopyranoside (43) 

A mixture of methyl 2-azido-4-0-biphenylcarbonyl-6-0-tert- 
butyldxphenylsilyl-2-deoxy-3-0- (4 -methoxybenzyl ) -1-thio-B- 
D-glucopyranoside (11) (200 mg, 0.26 mmol), 3,4- 
methylenedioxybenzyl alcohol 59 mg, 0.39 mmol), molecular 
sieves 4A (1 g) and methyltrif late (106 mg, 0.65 mmol) in 
1,2-dxchloroethane (10 mL) was stirred at room temperature 
overnight. The reaction mixture was neutralized with TEA 
(0.5 mL) and evaporated. The residue was purified by 
chromatography using EtOAc - hexane 15:85 as the mobile 
Phase to give 3 , 4 -methyl enedioxybenzyl 2-azido-4-0- 

biphenylcarbonyl-6-0-tert-butyldiphenylsilyl-2-deoxy-3-0- 
(4-methoxyben Z yl)-a,B-D-glucopyranoside (43) (173 mg, 76%). 

It will be apparent to the person skilled in the 
art that while the invention has been described in some 
detail for the purposes of clarity and understanding, 
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various modifications and alterations to the embodiments 
and methods described herein may be made without departing 
from the scope of the inventive concept disclosed in this 
specification . 

References cited herein are listed below, and are 
incorporated herein by this reference. 
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CLAIMS 



1. A universal monosaccharide!' building block of 

General Formula I or General Formula II 



(X 




CX 



XB 7 




in which 



A is a Leaving group; 

/ a 
10 X is hvdrogen, O, N or N 3 ; 

is/hydrogen, -CH 2 0-, -CH 2 NH-, -CH 3 , -CH 2 N 3 or 

-COO- ; and 

B, /C, D and E are protecting groups which can be 
cleaved orthogonally, 
15 and in wh:y6h 

B, C, D and E are absent when X is hydrogen or 
N 3 , and f. is absent when Xi is hydrogen, CH 3 or N 3 . 



2 . A monosaccharide building block according to 

20 claim 1, in which A is selected from the group consisting 
of -SR; where R is alkyl, substituted alkyl, alkenyl, 
substituted alkenyl, alkynyl, substituted alkynyl, 
cycloalkyl, substituted cycloalkyl, aryl, substituted aryl, 
halogen; trichloroacetimidoyl- ; sulphoxide; and -O- 
25 alkenyl. 



3. A monosaccharide building block according to 

claim 1 or claim 2/ which is a compound of General Formula 
III 
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in which 

Bi , d , and Ej are orthogonal carbohydrate 
protecting groups selected from protecting group sets 1, 2, 
6 and 8 as herein defined. 

4 - A monosaccharide building block according to 

claim 1 or claim 2, which is a compound of General Formula 



10 IV 



E 2 X r 




15 in which 

B 2/ C 2 , D 2 and E 2 are selected from the members of 
protecting group set 1, and in themselves constitute an 
orthogonal set. 

20 5 * A monosaccharide building block according to 

claim 4, in which the members of protecting group set 1 are 
levanoyl, chloroacetate, p-methoxybenzyloxycarbonyl and 2- 
trimethylsilylethylcarbonate. 

25 6 • A monosaccharide building block according to 

claim 1 or claim 2, which is a compound of General Formula 
V 
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25 




XB 3 



in which 

A, X and X a are a& defined for General Formula I 
5 and II, and 

B 3 , C 3/ D 3 and E 3 are an orthogonal set of 
protecting groups selected from amongst the members of set 
1 and from the remaining orthogonal sets. 

10 7. A method of synthesis of a molecule selected from 

the group consisting of glycoconjugates of non-carbohydrate 
molecules , neo-glycoconjugates and oligosaccharides , 
comprising the step of using a monosaccharide building 
block according to any one of claims 1 to 6 . 

15 

8. A method according to claim 7, in which the 

molecule comprises one or more compounds in which 
substituents are linked to a pyranose or furanose ring. 

20 9. A method according to claim 7 or claim 8, in 

which the molecule comprises a sugar analogue. 

!0. A method according to any one of claims 7 to 9, 

in which the synthesis is carried out in solution. 



11 * A method according to any one of claims 7 to 9, 

in which the synthesis is carried out on a solid-phase 
support . 
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| | As only some of the required additional search fees were timely paid by the applicant, this international search 
report covers only those claims for which fees were paid, specifically claims Nos. : 



| | No required additional search fees were timely paid by the applicant. Consequently, this international search 
report is restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest | | The additional search fees were accompanied by the applicant's protest. 

| | No protest accompanied the payment of additional search fees. 
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2. With regard to the language, all the elements marked above were available or furnished to this Authority in the language in 
which the international application was filed, unless otherwise indicated under this item. 
These elements were available or furnished to this Authority in the following language which is: 
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and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, was on the basis of the 
sequence listing: 

| | contained in the international application in written form. 
| | filed together with the international application in computer readable form. 
| | furnished subsequently to this Authority in written form. 
| [ furnished subsequently to this Authority in computer readable form. 

| | The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

| | The statement that the information recorded in computer readable form is identical to the written sequence listing has 
been furnished 

4. ' [^] The amendments have resulted in the cancellation of: 
| | the description, pages 
| | the claims, Nos. 
| | the drawings, sheets/fig. 

5. | | This report has been established as if (some of) the amendments had not been made, since they have been considered to 
go beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).** 

Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 14 are referred to in this 
report as "originally filed" and are not annexed to this report since they do not contain amendments (Rules 70. J 6 and 70.17). 

Any replacement sheet containing such amendments must be referred to under item I and annexed to this report 
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Novelty (N) 

Inventive step (IS) 

Industrial applicability (IA) 
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Claims 

Claims 1-10 
Claims 

Claims 1-10 
Claims 
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NO 
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NO 
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2, Citations and explanations (Rule 70.7) 

The following documents identified in the International Search Report have been considered for the purposes 
of this report: 



Dl Chemical Abstracts Vol. 
D2 Chemical Abstracts Vol. 
D3 Chemical Abstracts Vol. 
D4 Chemical Abstracts Vol. 
D5 Chemical Abstracts Vol. 
D6 Chemical Abstracts Vol. 
D7 Chemical Abstracts Vol. 
D8 Chemical Abstracts Vol. 

New Citations 



129, Abstract 203158 D9 Chemical Abstracts Vol.1 16, Abstract 194721 

127, Abstract 293496 D10 Chemical Abstracts Vol. 1 12, Abstract 139667 

1 26, Abstract 75 149 Dl 1 Chemical Abstracts Vol. 1 10, Abstract 39265 

124, Abstract 109384 D12 Chemical Abstracts Vol. 75, Abstract 36570 

122, Abstract 315043 D13 EP 5781 12 

121, Abstract 256150 D14 Derwent Abstract Accession Number 98-433880 

121, Abstract 157984 D15 WO 9508553 

119, Abstract 250313 D 1 8 Chemical Abstracts Vol. 1 3 1 , Abstract 228893 



D16 Chemical Abstracts Vol. 97, Abstract no. 145161 (& Carbohydr.Res. (1982), 104(2), C20-C22), 
see in particular Chemical Abstracts Registry No. 83158-16-1 

D17 Chemical Abstracts Vol. 88, Abstract no. 152871 (& Tetrahedron Lett. (1977), (50), 4383-4), 
see in particular Chemical Abstracts Registry No. 66152-80-5 



No individual citation or obvious combination of citations disclose the features of the claims. 
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VIII. Certain observations on the international application 



The following observations on the clarity of the claims, description, and drawings or on the question whether the claims are fully 
supported by the description, are made: 

a) Example 8 is not clear because the "MeOBn" substituents appear to be incorrect; from the compound titles it 
appears they should be "MeOBnO". 
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using these sugars, current methodologies require long, 
protracted syntheses, involving synthesis of as many as one 
hundred different specially-protected sugar donors in order 
to cover adequately all the possible permutations of 
glycosidic link formation (eg. 1-3, 1-4), link type (eg. 
a or J3) and to include all possible branching points in the 
oligosaccharide . 

Orthogonal protection of bi-f unctional molecules 
has been a widely used technique in organic chemistry, 
which provided general building blocks for selected 
syntheses. However, orthogonal protection in the case of 
molecules with a greater degree of f unctionalisation is 
quite rare. Our technology involves penta-f unctional 
monosaccharide building blocks, which require a much higher 
15 level of chemical specificity to attain the appropriate 
orthogonality. 

Orthogonal protection has been defined by 
Merrifield as follows: 

"The principle of orthogonal stability requires that 

2 0 only those protecting functions should be used that 

can be cleaved under different reaction conditions 
without affecting the other functions present" 
(Merrifield, 1977) . 

Orthogonal protecting strategies and conditions 
25 are reviewed in the textbook "Protecting Groups in Organic 
Synthesis" by Green and Wicks (3 rd edition) . 

Although the use of orthogonal protection would 
greatly facilitate carbohydrate-related synthesis, there 
has been limited success in devising suitable protecting 

3 0 groups and methods. 

Wong et al . synthesised a universal building 
block with chloroacetyl, p-methoxybenzyl , levulinyl and 
tert-butyldiphenylsilyl protecting groups, selectively 
removable with sodium bicarbonate, trif luoroacetic acid, 
3 5 hydrazine and hydrogen f luoride-pyridine respectively, on a 
galactopyranose ring with an aryl-thio leaving group at the 
glycosidic position. This building block was used solely to 
synthesise a 6-hexanate glycoside. The subsequent 
recombinant oligosaccharide library formation focused on 
using the 6-hexanate derivatised building block which 
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Using our approach with six universal building 
blocks based on six of the most common naturally occurring 
sugars, any one of the one hundred sugars referred to above 
may be quickly synthesised in a facile manner, using 
simple, well-known protecting group chemistry. The years of 
work and complex protection strategies required to produce 
these one hundred building blocks by previously-available 
methods can be avoided by use of our six universal building 
blocks, which do not require a high level of skill to use, 
and enable one to achieve the synthesis of a specific 
desired oligosaccharide or glycocon jugate much faster and 
more efficiently than previously possible. 

SUMMARY OF THE INVENTION 

In its most general aspect the invention provides 
a universal monosaccharide building block of General 
Formula I or General Formula II 



DX4 



CX 





XC 2 

1 n 

in which 

A is a leaving group, selected from the group 
consisting of -SR; where R is alkyl, substituted alkyl, 
alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, 
cycloalkyl, substituted cycloalkyl, aryl, substituted aryl , 
halogen; trichloroacetimidoyl- ; sulphoxide ; -O-alkenyl ; 

Xi, X 2/ and X 3 are independently selected from H, O, 
N, or N 3 , with the proviso that only one of X x , X 2 , and X 3 
may be H, N or N 3 in any molecule; 

X 4 is H, -CH 2 0, -CH 2 N, -CH 3 , -CH 2 N 3 or -COO- , with the 
proviso that X 4 may only be H, -CH 2 N, -CH 3 or -CH 2 N 3 when 
none of Xi to X 3 is H; and 
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in which 

A, Xi, X 2/ X 3 and X 4 are as defined for General 
Formulae I and II, and 

Bi, Ci, Dx and Ei are orthogonal carbohydrate 
protecting groups (ie. an orthogonal set) selected from 
protecting group sets 1, 2, 6 and 8. 

Another preferred embodiment provides a compound 
of General Formula IV 




X2C2 



IV 

in which 

A, X lf X 2 , X 3 and X 4 are as defined for General 
Formulae I and II, and 

B 2 , C 2 , D 2 and E 2 are selected from the members of 
protecting group set 1, and in themselves constitute an 
orthogonal set, for example the carbohydrate-protecting 
groups levanoyl ( ammonia- labi le ) , chloroacetate (thiourea- 
labile) , p-methoxybenzyloxycarbonyl (oxidation-labile) and 
2-trimethylsilylethylcarbonate (fluoride ion-labile) . 

This embodiment provides universal building 
blocks with protecting groups selected from the protecting 
groups of set 1. 

In a third preferred embodiment the invention 
provides a compound of General Formula V 




X 2 C 3 



V 
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in which 

A, Xi, X 2 , X 3 and X 4 are as defined for General 
Formula I and II, and 

B 3 , C 3 , D 3 and E 3 are an orthogonal set of 
5 protecting groups selected from amongst the members of set 
1 and from the remaining orthogonal sets . 

This embodiment provides orthogonally protected 
building blocks, the protecting group constituents of which 
may be selected from within set 1 and from the remaining 
10 sets. 

It will be clearly understood that the invention 
is not limited to use with monosaccharides, but is also 
applicable to any compound in which substituents are linked 
to a pyranose or furanose ring, such as sugar analogues. 

15 For the purposes of this specification it will be 

clearly understood that the word "comprising" means 
"including but not limited to", and that the word 
"comprises" has a corresponding meaning. 

For the purposes of this specification 

20 "orthogonal cleavage" is defined as the regioselective 
cleavage of a hydroxy or amino protecting group from a 
carbohydrate, in which the cleavage conditions do not 
compromise the stability of the other protecting or 
functional groups on the molecule. Such cleavages can be 

25 effected in any order of priority. "Cleaved orthogonally" 
and "orthogonal cleavage" are taken to be synonymous. 

DETAILED DESCRIPTION OF THE INVENTION 



Abbreviations used herein are as follows 



Al loc Al lyloxycarbonyl 

Bn Benzyl 

Bu Butyl 

DCM Dichlorome thane 

3 5 Dde N-l- ( 4 , 4 -Dimethyl -2 , 6-dioxocyclohexylidene) ethyl 



\\melb_f iles\home$\WendyS\Keep\species\PCT-AU00-00025 Alchemia -doc 21/02/01 



AMENDED SHEET 
UPR/VAU 



15 



PCT/AUOO/00025 
Received 27 February 2001 



- 24 - 



combined, diluted with CHC1 3 (20 mL) and washed twice with 

diluted brine solution (water-brine 2:1) (15 mL) . The 

organic layer was dried over MgS0 4 and evaporated. The 

residue was purified by chromatography using hexane - CHC1 3 

5 1:1 as the mobile phase to give methyl 2-azido-6-0-tert- 

buty ldipheny 1 s i lyl - 4 -O-biphenylcarbony 1 - 2 -deoxy- 3 -O- ( 4 - 

methoxybenzyl) -1-thio-p-D-galactopyranoside (17) (180 mg, 
65%) . 

10 Example 5 Synthesis of an Orthogonally Protected 

Thioglycoside Building Block, Methyl 6-0-(t- 
butyldiphenylsilyl) -2-deoxy-2- [ (1, 3- 
dimethyl-2, 4, 6 <1H, 3H, 5H) -trioxopyrimidin-5- 
ylidene)methylamino] -3-0- (4-methoxybenzyl) - 
4-O-biphenylcarbonyl-l-thio-P-D- 
glucopyranoside ( 24 ) 




\\melb_f iles\home$ \WendyS\Keep\ species \PCT-AU00 -0002 5 Alchemia.doc 21/02/01 



AMENDED SHEET 
XPEA/AU 



PCT7AU00/00025 
Received 27 February 2001 



- 43 - 

CLAIMS 

1- A universal monosaccharide building block of 

General Formula I or General Formula II 



EX4. O 





DX 3 ^ X i B 
X 2 C 

II 



in which 

A is a leaving group selected from the group 
consisting of -SR; where R is alkyl, substituted alkyl, 
alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, 
cycloalkyl, substituted cycloalkyl, aryl , substituted aryl, 
halogen; trichloroacetimidoyl- ; sulphoxide; and -O- 
alkenyl ; 

Xi, X 2/ and X 3 are independently selected from H, 
O, N, or N3 , with the proviso that only one of X i( X 2/ and 
X 3 may be H, N or N 3 in any molecule; 

X 4 is H, -CH 2 0 / -CH 2 N, -CH 3/ -CH 2 N 3 or -COO- , 
with the proviso that X 4 may only be H, -CH 2 N, -CH 3 or - 
CH 2 N 3 when none of Xi to X 3 is H; and 

B, C, D and E are different, and are selected 
from protecting groups which can be cleaved orthogonally 
in any order, 

and in which 

B or C or D or E is absent if the corresponding 
Xx to X 3 is H or N 3/ or if the corresponding X 4 is H, -CH 3 
or -CH 2 N 3 . 

2 . A monosaccharide building block according to 

claim 1, which is a compound of General Formula III 



\\melb_f iles\homeS \WendyS\Keep\ species NPCT-AUOO- 0002 5 Alchemia.doc 21/02/01 



AMENDED SHEET 



m 



DiX 3 



PCT/AU00/00025 
Received 27 February 2001 




X1B1 



in which, A, X lf X 2 , X 3 and X 4 are as defined for General 
Formulae I and II, and 

Bi, Ci, Di and E x are orthogonal carbohydrate 
protecting groups selected from protecting group sets 1, 2, 
6 and 8 as herein defined. 

3 - A monosaccharide building block according to 

claim 1, which is a compound of General Formula IV 



E2X4 



D2X3 




X1B2 



in which, A, Xi, X 2 , X 3 and X 4 are as defined for General 
Formulae I and II, and 

B 2 , C 2 , D 2 and E 2 are selected from the members of 
protecting group set 1, and in themselves constitute an 
orthogonal set. 

4 - A monosaccharide building block according to 

claim 3, in which the members of protecting group set 1 are 
levanoyl, chloroacetate , p-methoxybenzyloxycarbonyl and 2- 
trimethylsilylethylcarbonate . 



5 * A monosaccharide building block according to 

claim 1, which is a compound of General Formula V 
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X 2 C 3 
V 

in which 

A, Xi, X 2 , X 3 and X 4 are as defined for General 
5 Formulae I and II, and 

B 3 , C 3 , D 3 and E 3 are an orthogonal set of 
protecting groups selected from amongst the members of set 
1 and from the remaining orthogonal sets. 

10 6. A method of synthesis of a molecule selected from 

the group consisting of glycoconjugates of non-carbohydrate 
molecules , neo-glycocon jugates and oligosaccharides , 
comprising the step of using a monosaccharide building 
block according to any one of claims 1 to 5 . 

15 

7. A method according to claim 6, in which the 

molecule comprises one or more compounds in which 
substituents are linked to a pyranose or furanose ring. 

20 8. A method according to claim 6 or claim 7, in 

which the molecule comprises a sugar analogue. 

9. A method according to any one of claims 6 to 8 , 
in which the synthesis is carried out in solution. 

25 

10. A method according to any one of claims 6 to 8 , 
in which the synthesis is carried out on a solid-phase 
support . 
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B, C, D and E are different, and are selected from 
protecting groups which can be cleaved orthogonally in any 
order, 

and in which 



designated as orthogonal to each other on the basis of 
10 their cleavage conditions. A protecting group is 

classified in a particular set according to its lability to 
the cleavage conditions for a particular set and its 
stability to the cleavage conditions required for the 
removal of those groups in the remaining sets. Each set is 
15 to be taken to include, but is not be limited, by the 
members thereof . 



set, is of particular importance, because in addition to 
the fact that the members of this set are considered to be 
2 0 orthogonal to the members of the remaining sets, some 

members of this set are also considered to be orthogonal to 
each other. Where this is the case, the alternative 
condition of cleavage that provides orthogonality is 
specified in brackets following the listing of the 

2 5 protecting group. 

1 . Base Solvolysis 

a) for hydroxy protection: 

3 0 acyl-type protecting groups, eg. chloroacetate 



5 



B or C or D or E is absent if the corresponding Xi to 
X 3 is H or N 3/ or if the corresponding X 4 is H, -CH 3 or - 



CH 2 N 3 . 



The following non-limiting sets have been 



Of the sets defined, set 1, the 'Base Solvolysis' 



(also thiourea- sensitive ) 
bromoacetate (also pyridine -sensitive) 
carbonates , eg . Al loc ( Pd° ) 
Fmoc (|J- elimination) 



35 



Troc 



p-nitrophenylsulphonylethyloxy carbonyl ) 
levanoyl (also hydrazine sensitive) 
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6 . Oxidation-Sensitive Protecting Groups : 



p -me thoxyben zy 1 

3 , 4-dimethoxybenzyl 

2,4, 6-trimethoxybenzyl 

3 , 4-methylenedioxybenzyl 

acylamidobenzyl 

azidobenzyl 

p-azido-m-chlorobenzyl 



7 . Allylic Protecting Groups 



8 . Photolabile Protecting Groups : 



o-nitrobenzyloxycarbonate 

o-nitrobenzyl 

dinitrobenzyl 

2-oxo-l , 2-diphenylethyl 



9 . Protecting Groups Removable by Relay Deprotection 



methyl thioe thy 1 
acyloxybenzyl 
benzyl thioethyl . 

In one preferred embodiment, the invention 



provides a compound of General Formula III 
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Synthesis of an Orthogonally Protected 
Thioglycoside Building Block, Methyl 6-0-(t- 
butyldiphenylsilyl) -3-0- (p-chlorobenzoyl) -2- 
deoxy- 2 - [ 1 - ( 4 , 4 -dimethyl -2,6- dioxocyc lohex- 1 - 
ylidene) ethyl amino] -4-O-tetrahydropyranyl-l- 
thio-P-D glucopyranoside ( 5 ) 



10 



15 



20 



OH 



HO 




SMe 



THPO 
pClBzO 




SMe 




Methyl 4, 6-0-benzylidene-2-deoxy-2- [1- (4, 4 -dime thy 1- 

2, 6dioxocyc lohex- 1 -ylidene )ethylamino] -1-thio-p-D 
glucopyranoside ( 1 ) 

A mixture of methyl 2-deoxy-2- [1- (4 , 4-dimethyl- 
2 , 6-dioxocyclohex-l-ylidene) ethylamino] -1-thio-p -D 
glucopyranoside (20 g, 54 mmol) , a,a-dimethoxytoluene 
(9.78 g, 64 mmol) and p-toluenesulphonic acid (50 mg) in 
dry acetonitrile (100 mL) , was stirred at 60 9 C for 2 hours 
The reaction mixture was cooled to room temperature and 
adjusted to pH 7 with the addition of triethylamine . The 
solvent was removed in vacuo, the residue was taken up in 
CH 2 C1 2 (2 00 ml) , washed with brine (50 ml) , with water 



\\melb_f iles\homeS\WendyS\Keep\species\FP-12178 PCT Alchemia.doc 31/10/00 

AMENDED SHEET 



* 



• 



PCT/AUOO/00025 
Received 01 November 2000 



- 29 - 



biphenylcarbonyl-2-deoxy-2- [ (1, 3 -dimethyl -2 , 4, 6 (1H, 3H, 5H) 
trioxopyrimidin-5-ylidene)methylamino] -3-0- (4- 
methoxybenzyl) -1-thio-fi-D-glucopyranoside (24) (9.5 g, 
75%) . 

Example 6 Synthesis of an Orthogonally Protected 

Thioglycoside Building Block, Methyl 6-0-(t- 
butyldiphenylsilyl) -2-0- (4-methoxybenzyl ) -3-0~allyl-4-0- 
acetyl-l-thio-(3-D-galactopyranoside (31) 



10 



OH 



OH 



HO- 




O 



25 



OH 



OH OTBDPS 
O 

\ 

ABO- 



OR OTBDPS 
O 



SMe 




SMe 
30 OBnOMe 



HO 




26 



OH 



OH OTBDPS 
O 

\ 

HO _ 

29 



SMe 




SMe 
OBnOMe 



O OTBDPS 
/ 

-O 




o 



SMe 



27 OH 



O OTBDPS 
O 




28 



SMe 
OBnOMe 



15 



20 



AcO OTBDPS 

A110^-^^\^- SMe 

OBnOMe 

Methyl 6-0- ( t-butyldiphenylsilyl) -1-thio-p-D- 
ga 1 ac t opy r ano s i de (26) 

A mixture of methyl 1- thio-p-D-galactopyranoside (25) (5 g, 
28 mmol), chloro t-butyldiphenylsilane (5.85 g, 21 mmol) 
and DMAP (2.63 g, 21 mmol) in dry 1, 2 -dichloroethane (13 0 
mL) was left to stir at reflux for 2.5 h. The reaction 
mixture was cooled to room temperature, diluted with 
dichloromethane (2 00 mL) and washed with saturated sodium 
chloride solution (2 x 250 mL) . The organic phase was 
dried over MgS0 4 and subsequently evaporated to dryness to 
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CLAIMS 



A universal monosaccharide building block of 
General Formula I or General Formula II 



DX4 




CX 



EX4 



DX 3 




XiB 



I 



II 



10 



15 



20 



25 



in which 

A is a leaving group selected from the group 
consisting of -SR; where R is alkyl, substituted alkyl, 
alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, 
cycloalkyl, substituted cycloalkyl, aryl, substituted aryl,. 
halogen; trichloroacetimidoyl- ; sulphoxide; and -O- 
alkenyl; 

Xi, X 2f and X 3 are independently selected from H, 
O, N, or. N 3 , with the proviso that only one of X lt X 2 , and 
X 3 may be H, N or N 3 in any molecule; 

X 4 is H, -CH 2 0, -CHsN, -CH 3/ -CH2N3 or -COO- , 
with the proviso that X 4 may only be H, -CHaN, -CH 3 or - 
CH 2 N 3 when none of X x to X 3 is H; and 

C, D and E are different, and are selected 
from protecting groups which can be cleaved orthogonally 
in any order, 

and in which 

B or C or D or E is absent if the corresponding 
X x to X 3 is H or N 3 , or if the corresponding X 4 is H, -CH 3 
or -CH 2 N 3 . 



2 ■ A monosaccharide building block according to 

3 0 claim 1, which is a compound of General Formula III 
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DiX 3 




X1B1 



in which, A, X lt X 2 , X 3 and X 4 are as defined for General 
Formulae I and II, and 

Bi, Ci, Di and Ei are orthogonal carbohydrate 
protecting groups selected from protecting group sets 1, 2, 
6 and 8 as herein defined. 

3 . a monosaccharide building block according to 

claim 1, which is a compound of General Formula IV 



E2X4 



D2X3 




X X B2 



in which, A, X X , X 2 , X 3 and X 4 are as defined for General 
Formulae I and II, and 

B 2 , C 2 , D 2 and E 2 are selected from the members of 
protecting group set 1, and in themselves constitute an 
orthogonal set . 

4. a monosaccharide building block according to 

claim 3, in which the members of protecting group -set 1 are 
levanoyl, chloroacetate , p-methoxybenzyloxycarbonyl and 2- 
trimethylsilylethylcarbonate . 



5. a monosaccharide building block according to 

claim 1, which is a compound of General Formula V 
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in which 

A, Xi, X 2 , X 3 and X 4 are as defined for General 
5 Formulae 1 and II, and , 

B 3 , C 3/ D 3 and E 3 are an orthogonal set of 
protecting groups selected from amongst the members of set 
1 and from the remaining orthogonal sets. 

10 6. A method of synthesis of a molecule selected from 

the group consisting of glycoconjugates of non-carbohydrate 
molecules, neo-glycoconjugates and oligosaccharides, 
comprising the step of using a monosaccharide building 
block according to any one of claims 1 to 5 . 

15 

7. A method according to claim 6, in which the 

molecule comprises one or more compounds in which 
substituents are linked to a pyranose or furanose ring. 

20 8. A method according to claim 6 or claim 7, in 

which the molecule comprises a sugar analogue. 

9. A method according to any one of claims 6 to 8, 
in which the synthesis is carried out in solution.- 

25 

10. A method according to any one of claims 6 to 8, 
in which the synthesis is carried out on a solid-phase 
support . 
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CLAIMS 

1. A universal monosaccharide building block of 

General Formula I or General Formula II * 




X 2 C 



II 



in which 

A is a leaving group)" 

Xi, X 2 , and X 3 are independently selected from H, 
O, N, or N 3 , with the proviso that only one of X i( X 2 , and 
X 3 may be H, N or N 3 in any molecule; 

X 4 is H, -CH 2 0, -CH 2 N, -CH 3 , -CH 2 N 3 or -COO- , 
with the proviso that X 4 may only be H, -CH 2 N, -CH 3 or - 
CH 2 N 3 when none of Xi to X 3 is H; and 

B, C t D and E are different, and are selected 
from protecting groups which can be cleaved orthogonally 
in any order, 

and in .which 

B or C or D or E is absent if the corresponding 
Xi to X 3 is H or N 3 , or if the corresponding X 4 is H, -CH 3 
or -CH 2 N 3 . 

2. A monosacchari^building block acco rding to 

claiml^_j^LJ^ 

of -SR; where R is alkyl , substituted alkyl, alkenyl, 
substituted alkenyl, alkynyl, substituted alkynyl, 
cycloalkyl, substituted cycloalkyl, aryl, substituted aryl , 
-halogen; trichloroacetimidoyl- ; suuLphoxide; and -O- 
alkenyl . 
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3 . A monosaccharide building block according to 

claim 1 or claim 2, which is a compound of General Formula 
III 



EiX 4 



D1X3 




X x Bi 



10 



in which, A, Xi, X 2/ X 3 and X 4 are as defined for General 
Formulae I and II, and 

Bi, Ci, Di and Ei are orthogonal .carbohydrate 
protecting groups selected from protecting group sets 1, 2, 
6 and 8 as herein defined. 



15 



4 . A monosaccharide building block according to 

claim 1 or claim 2, which is a compound of General Formula 
IV 



E2X4 



D 2 X 3 




X X B 2 



in which, A, Xi, X 2 , X 3 and X 4 are as defined for General 
20 Formulae I and II, and 

B 2 , C 2 , D 2 and E 2 are selected from the members of 
protecting group set 1, and in themselves constitute an 
orthogonal set . 



25 5. A monosaccharide building block according to 

claim 4, in which the members of protecting group set 1 are 
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levanoyl, chloroacetate, p-methoxybenzyloxycarbonyl and 2- 
trimethylsilylethylcarbonate . 

6 . A monosaccharide building block according to 

claim 1 or claim 2, which is a compound of General Formula 
V 



E3X4 



D3X3 




X X B3 



10 in which 

A, Xi, X 2 , X 3 and X 4 are as defined for General 
Formulae I and II,- and 

B 3/ C 3 , D 3 and E 3 are an orthogonal set of 
protecting groups selected from amongst the members of set 
15 1 and from the remaining orthogonal sets. 



20 



7. A method of synthesis of a molecule selected from 

the group consisting of glycoconjugates of non-carbohydrate 
molecules , neo-glycoconjugates and oligosaccharides f 
comprising the step of using a monosaccharide building 
block according to any one of claims 1 to 6. 



25 



8. A method according to claim 7 , in which the 

molecule comprises one or more compounds in which 
substituents are linked to a pyranose or furanose ring, 



9. A method according to claim 7 or claim 8, in 

which the molecule comprises a sugar analogue. 



30 10. A method according to any one of claims 7 to 9 , 

in which the synthesis is carried out in solution. 
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